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THE PREPARATION OF ORGANIC STANNO -

AND STANNI- CHLORIDES.
Part I.

—

Salts of the Aliphatic Amines.

By J. G. F. DRUCE, B Sc.

The only reference in the literature to double haloids of

tin and aliphatic amines that has been traced is a paper by
Cook (Am. Chem. Joufii., 1899, xxii., 435), in which the

preparation and analyses of the double salts of stannous
and stannic bromides and chlorides with the corresponding
hiloids of the methylamines and ethyl- and triethyl-

amines are described.

The double salts obtained with stannous chloride he
terms chlorostannites, and similarly those derived from
stannic chloride he refers to as chlorostannates. In order

to indicate the molecular proportions of amine and metal
numerical ratios are prefixed ; thus, the substance
2(CH3)2NH.SnCl4 2HCI is described as 2 : i-dimethyl-
amine chlorostannate. It was thought to be mote con-
venient to regard the salts containing bivalent tin as

stannochlorides and those containing quadrivalent tin as

stannichlorides. The former compounds may be con-
sidered the sr'lts of the (unknown) acid, H2SnCl4 or

HSnClj, and the latter as salts of the acid H^SnC's
Engels (Comples Rendiis, 18S6, ciii., 213) has isolated the

latter acid with six molecules of water of crystallisation,

analogous to chloroplaiinic acid, HiPiC'cSH^O. But no
acid derived from stannous chloride appears to have been
prepared, although from conductivity experiments S. W.
Young {jfourn. Am. Chem. Soc, 1901, xxiii., 21) inclines

to the opinion that HSnClj or H2SnC'4 exists in solution.

The amine stannichlorides are analogous to the

platinichlotides ; thus, methylamine stannlchloride,

(CH3NH2)2,H2SnCi6, is analogous to the plaiinichloride,

(CH3.NH2)2H2P.C'6.
Cook {loc. cit.) prepared the aliphatic amine stanno-

chlorides by mixing solutions of the amine hydrochloride
and stannous chloride. The stannichlorides were
similarly obtained, using solutions of stannic chloride.

His preparations have been successfully repeated, and in

addition the diethylamine salts have been isolated and
examined.
Methylamine stannochloride was also produced by the

reduction of hydrogen cyanide with tin and hydrochloric
acid, and the stannlchloride has resulted from the reduc-
tion with stannous chloride, but in neither case was the

reaction quantitative. The melting-points and composi-
tion of the salts prepared in this way were identical with
those obtained from the amine hydrochloride and the

chlorides of tin. The reduction of nitriles by tin or

Stannous chloride and bydtochloric acid with the forma-

tion of the double salts of the resultii .'; amines appears to

constitute a general reaction. Thus it has been found
possible to prepare the stannochlorides of methylamine,
ethylamine, and certain other amines with an aromatic
nucleus by the reduction of the corresponding nitriles with
metallic tin. The reaction is expres~,ed by the following
typical equation for the conversion of acetonitrile into

ethylamine stannochloride :
—

CH5,CNH-2Sn + 5HCI = C2H5.NH2,HSiiCl3 + SnCli.

With stannous chloride the nitriles yield stannichlorides

as is represented by the equation :^

2CH3 CN-t-4SnCl2-|-ioHCl =
= (C2H3.NH2)2,H2SnCl6-f3SnCl4.

Stannochlorides can frequently be converted into the

stannichlorides by chlorination, either by slowly passing

the gas into a solution of the stannochloride in dilute

hydrochloric acid or by slowly adding chlorine water to

a concentrated solution of the salt of bivalent tin. In

some cases addition ol chlorine only is evolved, as, for

instance, with the diethylamine salts. The change may
be expressed :

—

(EtjNH)2,H2SnCl4+ Cla = (EtaNH)2,H2SnC'6-

But in other cases the reaction is a little more complex,

and afterwards a portion of the tin in solution is present

as uncombined stannic chloride. An illustration of this is

afforded by the methylamine salts :
—

2CH3.NH2,HSnCi3 + 2Cl2 = (CH3.NH2)2,H2SnCl6 + SnCl4.

Consequently, in the conversion of salts of the type

BHSnCl3 into stannichlorides B2H2SnC'(), when oxidation

was complete (which was ascertained by withdrawing a few
drops of the solution and adding mercuric chloride) solu-

tion which gives a precipitate with stannous compounds,
a quantity of amine sufficient to combine with the free

stannic chloride was added in most experiments. Aa
might be expected this addition doubled the yield of

stannlchloride.

Methylamine Stnnnochloride, CH3.NH2,HSnCl3.

Methylamine hydrochloride (2-25 grms.) and crystalline

stannous chloride (7*23 grms.) were dissolved together in

80 cc. of dilute hydrochloric acid (one part of concentrated

acid to three parts of water). The solution was con-

centrated slightly on a water-bath, and on cooling

deposited a mass of hair like silky crystals, which were

filtered off, washed with a little cold dilute hydrochloric

acid, drained, and dried on a porous plate. This salt was
much less soluble in water and dilute acid than either of

the constituent chlorides. It did not melt when heated to

a temperature of 305°.
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When twice the above ptopottion of amine hydro-
chloride was used the crystals (otmed were idsniical with
those prepared from the conetituent tails in the molecular
ratio I : i.

Metbylamine stannochloride has also been obtained by
reducing i grm. of hydrocyanic acid with lo grnis. of tin

and tuu cc. of concentrated hydrochloric acid diluted with

50 cc. of water in a round flask fitted with a reflux con-

denser. The contents of the flask were gently warmed
until the tin had completely dissolved. On cooling, a

small crop ot crystals (about 08 grm.) separated out, and
were found to be identical with those described above. A
second crop was obtained by concentrating the mother-
liquor, but was found to be less pure.

When some of this salt was warmed with caustic soda
solution an inflammable and alkaline gas was evolved
(methylamine). On analysis

—

0'4732 gtm. gave J7906 grm. AgCl ; 01 = 41-34 per
cent.

0'3°35 B'''"- i*ve o-l-m grm. SnOj ; Sn=^46'i4 per

cent.

CH3NHj,HSnC!3 requires 01-41-35 and 80-46-43 per

cent.

Methylamin4 Slaniiichlcridi, (CH3.NHj)j.HjSnCl6.

Five grms. of the above stannochloiide were dissolved

in 50 cc. of dilute hydrochloric acid, and chlorine was
slowly passed in for two hours, when the solution no longer

gave a precipitate with a solution of mercuric chloride.

It was concentrated on a water-bath and deposited

crystals on coolmg. These were collected and dried

between sheets of bibulous paper. On heating they began
to darken at 2oS^, but did not actually melt up to 303''.

They dissolved in cold water to a clear solution which
hydtolyeed on keepmg. II the aqueous solution was
warmed immediate hydrolysis ensued.

This salt has also been obtained from methylamine
hydrochloride (2 65 grms.) and crys.talline stannic chloride.

SnCl^.sHiO (7 gims ), which were dissolved together in

80 cc. of dilute hydrochloric scid by w^nrint'. The solu

tion was concentrated a liiile, and on ouling it deposited
crystals possessing the same properties and composition
as those prepared by the other methods.

For the preparation of the salt from hydrogen cyanide
a Folution containing o C grm. of this was treated with

g grms. of stannous chloride dissolved in 80 cc. of dilute

hydrochloric acid. The mixture was warmed in flask

lilted with a reflux condenser for an hour. The solution

was then transferred to a basin and concentrated on i
water-bath. When cooled the concentrated solution

deposited crystals of metbylamine stannicbloride. On
analysis

—

0-5772 grm. gave 0-2213 grm. Si.O^ ; Sn = 30-20 pet
cent,

o-23og gtm. gave 0-5001 grm. AgCl ; €1 = 53-60 per
cent.

(CH5.NHi)j,HiSnCl6 requires Sn-'3o 05 and CI = 53 72
per cent.

Ethylamint Stannochloride, CjHjNHj.HSnClj.
F.lhylamine hydrochloride (2 grms.) and stannous

chloride (5 grms.) were dissolved by warming with 50 cc.

of dilute hydrochloric acid, and on slightly concentrating
the solution and allowing it to cool long colourless needles
separated. When heated they melted at 149" ; they dis-

solved in dilute acids to clear solutions, but in water the
salt was slightly hydroly<>ed.

Crystals, identical with the above in composition and
properties and having the same m.p., were obtained by
warming acetnnilrile (1-25 grms.) with tin (7 grms ) and
concentrated hydrochloric acid (50 CC.) until the metal bad
dissolved. On analysis

—

03425 gtm. gave 0-1886 grm. SnOj ; Sn-43-62 per

cent.

o 5143 gtm. gave 0-8171 grm. AgCl; 01 = 39-29 pet
cent.

CjHjNHj.HSnClj requires Sn = 43-77 '""^ 01=39-29
per cent.

Ethylamint Stannichloride, (CaH5NH2),HaSn0'6.

Five grms. of the stannochloride, dissolved in 50 cc. of

dilute hydrochloric acid, were submitted to the action of

a slow stream of chlorine for an hour. Small crystals of

the stannicbloride, melting at iSo', separated out after

co.ncentration and cooling.

When 7 grms. of stannic chloride and 1-6 grms. of

ethylamine hydrochloride were dissolved in 60 cc. of dilute

hydrochloric acid the solution yielded about 5 grm<i. of

crystals identical with the above in composition, appear-
ance, and melting-point.

The same salt has also been obtained by warming a

grm. of acetonitrile with 10 grms. of stannous chloride in

30 cc. of concentrated hydrochloric acid diluted with an
equal volume of water. When a clear solution was
obtained it was cooled and deposited characteristic hard
transparent octahedral crystals of ethylamine stanni-

cbloride. On analysis

—

0-5559 grm. gave 0-1991 grm. SnOj ; 811 = 2821 per

cent,

0-2572 grm. gave 0-5216 grm. AgOI ; CI>5o-i9 per
cent.

(CjH5.NHj)2,H2SnOl6 requires Sn-j8-oa and 01 = 50-22

per cent.

Dimtthylatnine Stannochloride, (CHjjaNH.HSnClj.
This salt was prepared by crystallising solutions con-

taining 2 grms. of the amine hydrochloride and 55 grms.
of stannous chloride. The needle crystals were almost
colourless (very faintly yellow) and transparent, and
melted at 197". When the constituent haloids were mixed
in dilTerent proportions the same salt was isolated on
crystallisation. On analysis

—

0-3140 grm. gave 0-1756 grm. SnO^ ; 80 = 44-05 per
cent.

0-1153 grm. gave 0-1816 grm. AgCl; 01 = 38-98 per
cent.

(CH3)2NH.HSnCl3 requires Sn = 43-77 and 01 — 3929
per cent.

Dinuthylamine Stannichloride, (Me.NH)^ H^SnClc.

Chlorine water was added slowly from a burette into

25 cc. of dilute hydrochloric acid containing 5 grms. of the
above stannochloride, until the solution no longer gave a
precipitate with mercuric chloride solution. For this pur-

pose iSo cc. of the chlorine water were required. Con-
centration to small bulk caused very pale pink almost
colourless crystals to separate on cooling. The salt

mtlted at 289°.

Similar crystals resulted from a hydrochloric acid solu-

tion (30 cc.) of 1-7 grms. of dimethylamine and 37 grms.
of stannic chloride. On analysis —

0'2879 grm. gave o-io2o grm. SnO^ ; Sn = 27 90 pet
cent.

0-2737 grm. gave 0-5539 grm. AgCl; 01=5006 per
cent

(Me2NH)2,H2SnC'o requires Sn = 2S-02 and 01 = 5022
pet cent.

Diethylamine Sliimwchhride, (Et2NH)2,H2SnCl4.
Diethylamine (3-65 grms.) and stannous chloride (5-65

grms.) were dissolved by warming together in 70 cc. of
dilute hydrochloric acid and concentrating to about half
bulk. The crystals which separated were deliquescent,
and consequently were dried on a porous plate in a desic-
cator over solid sodium hydroxide. They melted at 58",

On analysis

—
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0-9852 gun. gave 0-3540 grai. SnO^ ; Sn = 29ii per

cent.

0-5950 grm. gave 0-8355 gtm. AgCl ; CI = 34-75 per

cent.

(EtjNH)2,H2SnCl4 requires Sn = 2904 and €1 = 34-69

per cent.

Dlethylamine Stunnichloi'ide (EtjNHji.HaSnClQ.

Four gtms. of diethylamine stannochloride were dis-

solved in 50 cc. of dilute hydrochloric acid and treated with

chlorine for one and a-half hours. Crystals were obtained

on evaporation to small bulk, and were filtered off on a

Buchner funnel at the pump, and finally dried on a porous

plate in a desiccator as they were slightly deliquescent.

They began to melt with decomposition at about 260°.

Long colourless transparent crystals of this salt, identical

with those obtained above, have been prepared from 4-7

grms. of the base and n-7 grms. of stannic chloride dis-

solved together in 100 cc. of dilute hydrochloric acid.

They also began to melt and decompose at 260°. On
analysis

—

0-9805 grm. gave 0-3090 grm. SiO^; Sn = 24-83 per

cent.

01874 grm. gave 03375 gtm. AgCl
;

01 = 44-56 per

cent.

(EtiNH)i,HiS(iC;6 requires Sn = 24-75 and CI = 44 35

per cent.

Trimethylamine Stannochloride, (CH3)3N,HSnCl3.

Trimethylamine hydrochloride (tg gtms.) and stannous

chloride (4-5 gtms.) were dissolved together in 6a cc- of

hot dilute hydrochloric acid. On cooling fine white

crystals, melting at 119— 122^ separated. They only dis-

solved slowly in cold water, giving an acid solution which

quickly hydrolysed when heated. On analysis

—

0-5420 grm. gave 0-2852 grm. SiOj ; Sn =41-46 per

cent.

0-4104 grm. gave 0-6170 grm. AgCl; 01 = 37-22 per

cent.

(CH,)3N,HSnCl3 requires Sn = 4i-8o and 01 = 37-26

per cent.

Trimethyhimine Stannichloride, (Me3N)2,H2SnCl6.

The amine hydrochloride (tg grms.) and stannic

chloride (3-5 grms.) were dissolved together in 60 cc. of

dilute hydrochiotio acid by warming. The solution

deposited white flaky crystals, which were isolated. They
did not melt below 300°, but showed signs of decomposi-

tion at that temperature.

This salt has also been prepared from the stannochloride

by passing chlorine into a dilute hydrochloric acid solution

(30 cc.) of 2 grms. of the stanno salt for an hour. On
concentrating the resulting solution crystals of the stanni-

chloride identical with the above were obtained. On
analysis

—

0-5244 grm. gave 0-1775 grm. SnOi ; Sn = 26-67 per

cent.

0-2193 grm. gave 0-4151 grm. AgCl; 01 = 4685 per

cent.

(Me3N;2,H2SnOl6 requires Sn = 26-39 and 01 = 47-09

per cent.

Triethylamine Stannichloride, (Et3N)2,H2SnCl6.

The stannochloride of this base has not been isolated

pure. Hydro:hloric acid solutions containing amine and

stannous chloride did not crystallise unless very con-

centrated, and the mass of crystals so obtained did not

give satisfactory analytical results. In most cases the

product undoubtedly contained some stannichloride since

the precipitate with hydrogen sulphide was yellowish.

The stannichloride was prepared from 2 grms. of the

base and 3-5 grms. of stannic chloride dissolved in 50 cc.

of dilute hydrochloric acid, as colourless transparent short

prisms easily soluble in cold water, producing a clear

solution. It melted with decomposition at 268\

When solutions of stannous and amine chlorides were
left exposed to air for some days, or were submitted to the

action of chlorine, they oxidised, and, on concentration,

gave more or less impure crystals of the stannichloride.

On analysis

—

0-5799 grm. gave 0-1619 grm. SnO^ ; Sn = 2i-98 per

cent.

0-3266 grm. gave 0-5355 g'™- AgOl ; 01 = 40-13 pec

cent.

(Et3N)2,H2SnOl6 requires Sn = 22-33 and 01 = 39-86

per cent.

A METHOD FOR DETERMINING THE
COMPOSITION OF A MIXTURE OF SIMILAR

SALTS OF TWO METALS, WITHOUT
SEPARATING THE MIXTURE INTO ITS

CONSTITUENTS.
By H. N, WILSON.

It is often necessary in analysis to find the quantities of

two very similar metals in a mi.\ture and in many cases
the metals are difficult to separate, and the method to be
employed is often expensive. In the first class may be
placed iiiixtures of strontium and barium, or antimony and
arsenic, and in the second mixtures of sodium and potas-

sium. In all such cases an arithmetical method would be
vastly useful and time saving.

Such a method has been discovered in the course of in-

vestigations on potassium, and it is proposed to show
how it may be used to advantage in this and other cases.

For determining potassium apart from sodium without
using perchloric acid or platinic tetrachloride it is first

of all necessary to obtain a mixture of the chlorides free

from impurity and then to estimate the percentage of

chlorine. Then by the means shown below the two con-
stituents may be calculated.

The atomic weights are:—K, 39-10; Na, 2300; and
CI, 35'45- From these we know that pure potassium
chloiide contains 47-5519 per cent of chlorine, and sodium
chlorine 60-6501 per cent of chlorine.

These two cases (000 per cent NaCl and 100-00 per

cent NaOl) may be taken as the limits of a mixture of the

two salts, and so the limiting percentages of chlorine are

respectively 47-5519 and 60-6501, as shown in the graph
appended, which shows the rise in 01 as the sodium
chloride increases.

It will thus be seen that while the percentage of chlorine

ribesi3 0982, the percentage of sodium chloride rises 100-00,

so when the percentage of chlorine rises i-oo the per-

centage of NaCl rises
'°° °° = 7-6346.
130982

So if we subtract the minimum possible percentage of

chlorine in the mixture from the percentage found in the

sample under examination, and multiply the result by

76346 we obtain the exact percentage of sodium chloride

in the mixture, and from this the percentage of potassium

chloride or of metallic potassium can easily be obtained.

Example.—A given mixture of sodium and potassium

chloride shows 50-5061 per cent CI, how much potassium is

present? Now, 50-5061 -47-5519 = 2-0982, and 2-0982X

76346 = 19-1491, which is the percentage of sodium

chloride in the mixture.
.-. The percentage of KOI is 80-8509.

.-. The percentage of metallic potassium is 43-3812.

A case in which the above method would be useful is in

the determination of total alkali in flue dust ; in this case

the soluble portion would have to be extracted, and all

other metals and sulphates precipitated by the usual

means, which will give in solution a mixture of ammonium
compounds, and K and Na salts which are broken down
by heating into carbonates, &c., which dissolve in HCl to

form chlorides, from which the estimation is easy.
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Another case in point is ihe determination of barium iu

a mixture oi calcium and barium carbonates. The carbon

diox dc can be most easily determined ; from it the barium

can be found as follows:—In CaCO; is 43994 V-^ <="="'

COi, and in BaCOjis 32 234 per cent CO-, which is the

lowest limit. By subtracting this from 43 994 we obtain

ar-yoo ; so if the percentage of carbon dioxide be diminished

by 22'234 and the number so found multiplied by

. J22. -4-596 we find the psrcentage of calcium
21-760

carbonate in the mixture.

Enough has now been said to show the great use and

adaptability of this method and also iis time-saving pro

perucs. Numerous other cases will doubtless occur to the

practical manipulator in his own branch, to which this

short paper may be of use ; if it is so, its purpose is

accomplished ; if not, the mathematical interest still

remains.

THE BRITISH CHEMICAL - WARE
MANUFACTURERS' ASSOCIATION.

The foil

represe

men
tions.

llowing letter has been sent by the Joint Committee

..J,
nting the .-Mlied Associations to the Inter-Depart-

mental Glass Trades Committee of the Ministry of Muni-

also the appropriate (iovernment Departments. A
separate case is being prepared for establishing on a secure

basis in this country, on similar lines, the Porcelain In-

dustry and Glassware for Lighting.

The Secretary,

Inter Departmkntal Glass TRAuts Commhtee,
22, Hertford Street, W.

Sir,—We desire on behalf of the following .Associations,

viz., the British Chemical Ware Manufacturers' Associa-

tion, the Briti.sh flint Glass Manufacturers' Association,

the British Lamp-blown Scientific Glassware Manu-
facturers' Association, and the British Laboratory Ware
Association, to put forwa<d for your careful consideration

the very strong case fcr establishing on a secure basis in

this country the key industry, or rather the " Maitir Key "

industry :—" Scientific, Heat R-.sisting, and Chemical

Glassware."
1. On the outbreak of war the country was faced with a

very serious shortage of chemical glassware, the only

sources of supply in most classes of articles being the

stocks of enemy-made articles held by the merchants in

this country ; but for these stocks the situation would have

been disastrous, as there were no existing facilities for

manufacture.
2. The extreme seriousness of the situation has been

acknowledged and has been referred to in both Lord

Balfour of Buileigh's report and Dr. Addison's rpening

speech to the licst meeting of the trade when the Whitley

Interim Industrial Committee was formed.

3. The absolute necessity of this industry to the country

will be appreciated when once it has been realised that

the development of all industries depends primarily on

the progress made in the laboratory, where new processes

can be worked up and the means of utilising waste pro-

ducts can be discovered.

4. The following industries besides using glassware

common to all laboratories, use special glass apparatus

particularly adapted to their own needs, and if these were
unobtainable or withheld, the result must at the very least

be very damaging to the business concerned.

These industries include :—Agriculture, armament firms,

breweries, cement manufacturers, chemical manufac-
turers, dyes, explosives factories, food production, gas

companies, iron and steel works, leather and tanning

industry, non-ferrous metal trades, oil cake manufacture,

oil and tar distilleries, sugar manufacture, paper makers,

&c. In addition to the laboratories for industrial purposes,

there are all the medical and research laboratories attached

to the hospitals, the county and municipal laboratories

devoted to public health and hygiene, and last but by no
means least the various laboratories at the universities,

in colleges, schools, and technical institutes, private

laboratories, &c., all of which use special glass apparatus,

and are always wanting apparatus of new types. In fact,

there is no branch of our national life, economic or social,

which is independent of scientific and chemical glassware,

and no other industry can lay claim to such indispensa-

biliiy. We therefore justify our claim to be the " Mailer
Key " industry of the country.

5. This is the very industry which we desire to fortify,

but owing to the war and the long period of training neces-

sary to produce a skilled workman, we have not yet been

able to get a sufficiency of labour trained to meet ail

demands made on us for scientific glassware.

6. It must be remembered thai this is an industry which
prior to the war was practically nonexistent in this

country, and consequently there was no labour skilled in

the working of scientific glassware ready to step into the

breach on the outbreak of war. It is true that there

were a lew glassworkets at the blowpipe who were avail-

able for training new and unskilled labour, but there was
practically no skilled labour available fcr the manufacture
of heat resisting glassware and other chemical apparatus.

This labour had to be trained, and it speaks volumes for

the trade that they have been able to do so much during

the war ; had it not been for the help of the Optical Muni-
tions Glassware Department of the Ministry of Munitions
in protecting our labour we should not have been able to

record such advances as have been made.

7. We now look forward, with continued help, to

establishing thoroughly on a secure footing Ms " Master
Key " industry in this country. The progress which this

country makes in industry after the war will depend to a

very large extent on the increase and development of

scient fie control and scientific research into the by-

products of manufacture, and it is unthinkable that all

Ibis should be dependent on foreign countries, through
their laboratory glassware.

8. This industry will give employment to a large number
of men and women, and indirectly on it depends ultimately

the economic development of the country, as well from an
industrial as from a public health standpoint.
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g. It IS Viiy difficult to give figures to show that ours is

an industry deserving of fostering, as there ate no figures

available of the prewar conditions in this country (the

industry having been monopolised by the Germans and
Austcians).

10. To the best of our belief the conditions under which
scientific glassware was manufactured abroad were such
as would never be allowed to exist here. The workmen
were often continually in di;bt to their employers, who
owned their houses, the shops at which they dealt,

and, in fact, the whole district in which they lived ; the

hours of labour were very Ijng, the wages very low, and
in many cases prison and child labour was employed, the

result being " super dumping " at prices with which it

would be impossible to compete.
11. The present wholesale prices of British-made glass-

ware vary according to the quality and the make of th°

articles, and are from two to upwards of four times the

pre-war price of the foreign-made articles, against which
the facts stated above have to be borne in mind, as well as

the advanced cost of wages, materials, Ac, as the fol-

lowing table will show :
—

Materials. igu. I9'5-

Soda ash £3 o o £3 13 o £700
„ nitrate.. .. 10 o o 10 10 o 24 o o

Potassium nitrate .

.

22 o o 43 o o 51 o o

Zinc oxide .... — 49 o o 8g o o

Borax glass powder 22 o o 56 o o 103 o o
Coke 13 o 150 218

Wages. 1915. 1915.

Glassblowers (at furnace) £i 10 o £5 10 6Min.week
Stokers i 18 o 400 „

Bricklayers 2 10 o 400 ,,

Labourers ii2o 300 Week
Boys 10 o I o o ,,

Girls — Djubled 1915 rate

These figures relate to the London district (Duroglass)_

12. There are three principal reasons why the industry

has not been able to prepare itself for "after the war "

trade :

—

(i) The experimental work entailed in establishing the

new industry has prevented the accumulation of

funds
;

(2) In other cases the accumulation of funds has been
prevented by the Excess Profits Duty

;

(3) The fact that the Government has insisted on all

labour being concentrated on essential war orders,

has prevented the training of labour for the more
purely peace time class of work.

Some means must therefore be found to enable us so to

strengthen our position as to ensure that this •' Master
Key " industry once established shall never leave the

country.

13. In addition to the reasons stated above the following

are further reasons why special treatment and considera-

tion are necessary for the maintenance in this country of

the chemical glass industry.

(a) British glass making installations which have been
erected since the war began will have cost up to

three to four times what it cost Germany and
Austria for similar installations erected and existing

in pre-war times. Therefore the interest alone on
the extra capital sunk in new British factories will

represent a good profit to German and Austrian

opponents before we can begin to make any profit

at all. We therefore submit as below that Govern-
ment assistance should be forthcoming in any
approved case for the provision of new buildings

and plant.

(6) Generally speaking, labour costs (excluding non-
productive labour and other charges) represent

approximately 45 per cent of the total cost of chemi-
cal glass articles, and fuel moie than a further 15

per cent ; therefore the maintenance of the iidustry
will depend upon measures being introduced to
equalise the selling price in our Home Markets of
goods produced in this country and those produced
in other countries where cheap labour can be
secured.

(c) In some factories in this country Belgian labour has
been employed, and as this must be repatriated after

Belgium has been freed from occupation by the
enemy, time should be granted for the adequate
training of workmen to replace it. Duiing the war
it has not been possible to train lad';, as immediately
they have reached the age of eighteen and have
acquired a certain amount of skill they have been
withdrawn for military service.

(li) Owing to the diversity of the demand for chemical,
scientific, and medical glassware, every manufac-
turer has had to change continually from making one
class of articles to another, thus preventing the
adequate specialising necessary for the acquisition
of high skill.

(f) Many of the more difficult articles have not hitherto
been attempted owing to lack of furnaces and
labour.

14. Biitish glass manufacturers must increase their
existing plant to a very large extent before they will be in
a position to meet the total requirements of the British
Empire, and they are not only willing but extremely
anxious to do so. This has been impossible during the
war owing to the scarcity of building material and the lack
of skilled labour, and also owing to the uncertain outlook
for the industry in the future ; the direct result of this is

that the shortage of certain materials which could have
been produced in these factories if they had been extended,
has prevented the training of additional skilled labour in

the lamp-blowing section of the industry.

For the reasons stated above we would respectfully
petition the Government to consider and grant the
following :

—

1. That the importation of all chemical, scientific, and
medical glassware, glass tubing and rod, be prohibited lor

a period of ten years after the termination of the war,
subject to licenses being granted for the importation of

such articles as are not manufactured in sufficient quanti-
ties or of satisfactory quality in this country. Such
licenses only to be issued on the recommendation of the
appropriate Government Department after consultation
with and the acquiescence of the Associations signjtory
hereto.

2. That during the period of prohibition the prices that

may be charged in this country be subject to general
approval between the Government and the Associations
concerned.

3. That after the expiration of the prohibition period,

and in the case of any articles that may be importeci forth-

with under license as above, such a duly be imposed on
impirtation as shall ensure that the makers of the foreign

aiticle, produced under conditions of cheap labour, pre-

ferential freight charges, or Government aid of any sort,

shall not be in a better position than British manufacturers
to compete in our home markets, and that the " anti-

dumping" laws at present in force in America be put into

operation in this country.

4. That prompt and generous Government assistance

be granted towards the cost of providing forthwith new
buildings and plant in any approved case.

5. That the Government take steps to safeguard the
supply of raw materials required for the manufacture of

chemical, medical, and scientific glassware.

6. That all Government departments, local authorities,

State-aided institutions, schools, and colleges in receipt of

Government or local grams, when purchasing supplies of

chemical, medical, and scientific glassware, be compelled
to indent exclusively for goods of I3ritish manufacture.
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We, the Joint Committee appointLd for the purpose of

bringing these recommendations before you, beg to sign

ourselves, Vour obedient Servants,

DoLGLAS H. Baird, a. Marriott Powell. For the

British Chemical Ware Manufacturers' Associa-

tion (Glassware Section).

J. Donaldson Harwakd. M. W. Za.mbra. For the

British Flint Glass Manufuctuters' Association

(Cnemical Apparatus Section).

G. F. Prince. For the British Lamp blown Scientific

Glassware Manufacturers' Association.

C. A. MiiRCER, John R. Gkiihn. For the British

Laboiatory Ware Association (Glassware

Section).

51, Lincoln's Inn Fields, London, W.C. 2.

Novemlwr 4, 191s.

Production and counlrlcs.

Percentage of yi^ld in

\ leld in 1918 as compared with —
1918 ,

'
1

thousands the average

quintals. 19 7 1912-W16
(1917-100). (average=loo).

INTERNATIONAL INSTITUTE OF
AGKICULTURE.

With regard to yield and consumption of the cereals and

of other foodslulls of prime necessity it may be fairly

stated that almost all the really important countries have

communicated their official estimates of crops in 191S to

the International Institute of Agriculture. This Institute

is thusenabltd to publish in its BulUli'i of Agricultural

and Commercial btatistici for November, 1918, these

estimates in a very complete form, dealing with the

world's food situation so far as the recent harvests are

concerned.
We summarise in tabular form the aggregate results of

the most important crops of foodstuffs, as harvested in

those countries of the northern hemisphere which are

mentioned in connection with each product.

It will be seen from these figures tL.at, as compared with

the preceding crop, this year's yields have been excellent

for rye (i^i per cent of that in 1917), linseed (122 per

cent), andwhcat (118 per cent), while they were good as

regards sufear beet (107 per cent) and barley (109 per cent).

The crop of oats was slightly better than that of 1917

(102 per cent), while potatoes yielded decidedly less (Sg

per cent), and maize was even lower 187 per cent).

As compared with the aveiage yield of the five years

1912 to 1916, the current year 1918 shows excellently for

rye (r36 per cent), oats (117 per cent), and barley (ir2 per

cent), and is also good as regards wheat (107 per cent)

and sugar beet (106 per cent), with an average outturn for

maize (99 per cent). A falling ofl may be noticed for

potatoes (96 per cent) and especially for linseed (85 per

cent).

Among the new data published in the bulletin now

under examination we find the >ield of wheat in Ireland

for 1918 (1,610.646 quintals, or i^yg per cent of the yield

in 1917 and 287 3 per cent of the average 1912 to 1916), in

the Netherlands (1.312,740 quintals, or 125-8 and 875
per cent), and in Sweden (r, 800,600 quintals, or 96-4 and

738 per cent), those of rye in the Netherlands (2,592,670

quintals, or 77 1 and 70S per cent), and in Sweden

(6,515,000 quintals, or 1822 and 1074 per cent), those of

barley in Ireland (1,868,072 quintals, or log and 120 per

cent), and in Sweden (2,819,000 quintals, or iioi and

90-3 per cent), thosj of oats in Ireland (15,497,132

quintals, or 112-8 and 163-1 pet cent), in the Netherlands

(2,494,000 quintals, or 86-2 and 82 8 per cent), and in

Sweden (9,389,000 quintals, or 96-3 and 772 per

cent).

We may also mention the Italian maize crop (17 million

quintals, or 88 7 per cent of the yield in 1917, and 71-2

per cent of the average), of the rice (5 million quintals, or

95-5 and 96-4 per cent), of the potato crop (12 million

quin ah, or 95-3 and 77-3 per cent), of hemp (8ou thousand

quintals, or 95-6 and S7-7 per cent), and of Italian wine

(34 million hectolitres, or 71-3 and 883 per cent).

ll'A^o/.— Spain, England
and Wales, Scotland,

Ireland, Italy, Luxem-
burg, Netherlands, Swe-
den, Switzerland, Can-
ada, United States,

British India, Japan,
Egypt, 'I'unis .. .. 545,118 118-1 107-1

Rye. — Spain, Italy,

Luxemburg, Nether-

lands, Sweden, Switzer-

land, Canada, United
States .. ^ 40,782 131-5 136-0

Barley.— Spai'n, England
and Wales, Scotland,

Ireland, Italy, Luxem-
burg, Netherlands, Swe-
den, Switzerland, Can-
ada, United States,

Japan, Egypt, Tunis. . 129,156 109-5 112-4

Oats. — Spain, England
and Wales, Scotland,

Ireland, Italy, Luxem-
burg, Netherlands, Swe-
den, Switzerland, Can-
ada, United States,

Tunis 3591627 101-7 117-3

Maize.— Spain, Switzer-

land, Canada, United
States 706,924 87-1 99-3

Linseed.— Italy, Canada,
United States, British

India ili'SS 1^2-5 849
PotiTtoes. — France, Eng-

land and Wales, Scot-

land, Italy, Luxemburg,
Sweden, Canada, United

Stales 294.159 8S-9 960
Sugar beet. — Sweden,

Canada, United States 66,775 106-8 106-4

With regard to the 19181919 crop in the southern

hemisphere, where harvest is just beginning, the Institute

is in possession of two forecasts of the yields of wheat.

One from Australia lor 22 million quintals represents 70-1

per cent of the jield in 1917 18, and 73-2 per cent rf the

average for five years igi2i3 to igi6-i7. Another Irom

the Union of South Africa for 2,5g4,535 quintals, or 107-g

and 154-4 per cent. Besides these, the information from
Uruguay allows for the belief that there will be good
crops of wheal, barley, oats, and linseed.

This Bulletin includes data relating to the number of

live stock in Ireland, Canada, and New Zealand. In the

two latter countries, but especially in Canada, we find a

considerable increase in igiS as compared with the previous

year. Thus in the last mentioned country the number of

inilch cows has increased by io-6 per cent, that of other

cattle by 379 per cent, that of sheep by 28-2 per cent, and
that of pigs by 18-5 per cent.

In the pages of the Bulletin that are dedicated to inter-

national trade in the cereals, we may call attention to

information hitherto unpublished, and communicated by
the Inter allied Food Council, sitting in London, dealing

with imports of cereals into France, Great Britain and
Ireland, and Greece during the twelve months ending
August 31, 1918.

Royal Institution.—The Christmas Lectures on " The
Fish of -he Sea," by Prof. D'Arcy W. Thompson, F.R.S.,
>Vc., will be continued on Saturday, Jan. 4, Tuesday,
Jan. 7, Thursday, Jan. 9, and Saturday, Jan. 11, at 3 p.m.



Chemical NrU's, 1

Ian. 3, igig / Occlusion Of Glass by Metals.

PKOCEEDINGS OF SOCIETIES-

ROYAL SOCIETY.
Ordinary Meeting, December 12, 1918.

Sir J. J. Thomson, O.M., President, in the Chair.

The following papers were read :

—

"Cooling and Evaporative Powers of the Atmosphere,
as Determined by the Kata-thermometer." By Leonard
Hill, F.R.S,, and Haruood Ash.
A furtber investigation has been made of cooling power

of air at known temperature and velocity of movement in

the large wind tunnels at the East London College, with
the aid of Mr. N. A. V. Piercey, the lecturer on Aero-
nautical Engineering, timing the rate of cooling of the
kata-thermometer, a large bulbed spirit thermometer
graduated between 100 and 93° F., and the (actor of

which was determined whereby the cooling power on a
surface at body temperature is expressed in millicalories

per sq. cm. per sec. The formula was deduced
H = (0-27 + 0-49 Vv)e where 8 - the difference between the
temperature of the air and 35'5 C. Usmg this formula we
found the velocity of the wind determined by the kata-
thermometer at Kcw Observatory agreed closely with the
velocity determined by the Cup and Dines anemometers.

Using this formula to determine velocity, the cooling
of the wet kata-thermometer was reinvestigated in a tube

3 in. in diameter, through which air was drawn from a
chamber, the temperature and humidity of which
could be varied. Ttie formula was deduced
E(F-/)4/3 = o-o85-t-oio2 Vo 3 for expressing the evapora-
tive power, the full formula for the cooling of the wet
kata-thermometer then being

—

H = (o-27 + o-49 v'i0e+ {o-o85 + o-iO2Vo'3)(F-/)4/3.

The effect on evaporative power of varying the tem-
perature of the evaporating surface was determined, and
the use of the kata - thermometer as a measure of

evaporative power of drying processes pointed out. The
effect of barometric pressure on cooling power was worked
out in a chamber in which the atmospheric pressure was
varied from +r5lbs. to 340 mm. Hg. The results were
found to agree with the formula theoretically deduced

—

Hx = "-°-

(v:^)
where Hi = coolingp3wer at pressure pi, and Ho = cooling
power at atmospheric pressure pQ.

The formula expresses influence of barometric pressure
on convection cooling power. At ordinary temperatures
cooling power exerted on dry kata-thermometer is half due
to radiation, half to convection.

" Observations on Changes in the Blood Pressure and
Blood Volume following Operations in Man." By H. C.
Bazett.

" The Four Visible Ingredients in Banded Bituminous
Coal." By M. C. Stopes, D.Sc.
The coal discussed is the ordinary streaky bituminous

coal of the British coal measures widely used in bouse
and factory.

Disregarding for the time being the ultimate morphological
nature of the plant organs contributing to them, four dif-

fering substances or constituents are described as com-
posing such coal. These can be recognised by differences

in their general character.

(a) Differences in their macroscopic appearance and
texture {i.e., with the naked eye in hand specimens).

{b) By their different behaviour when treated with
various chemicals.

(c) By the differences in the debris of each which result

from their treatment with various chemicals.
(d) By the differences in microscopic sections of

untreated samples of each.

These differences are further followed up by analysis
and distillations to be considered in a later paper.
Diagrams are given to show the characteristic distri-

bution of these constituents in section, and to indicate if

not a parallel to, at least a possibly useful comparison
with, petrological work on rocks.
The four ingredients thus determined are fusain (the

already widely discussed " mineral charcoal "), and durain,
clarain, and vitrain, t.he three latter names being given
now for the first time.

"On the Arc Spectrum oj Scandium.
Crookes, O.M., F.R.S.

By Sir W.

FARADAY SOCIETY.

The following resolution was passed on the motion of the
President :

—

That this Society, meeting during the week in which
the crushing defeat of Germany was signalised by the
armistice just signed, expresses the deepest gratitude to
the Naval, Military, and \\c Forces of the British Empire
tor the magnificent services they have rendered in bringing
about the termination of hostilities.

General Discussion on "The Occlusion of Gases
BY Metals."

The Ninetieth Ordinary Meeting of the FaraJay
Society was held on Tuesday, November 12, 1918, in the
Booms of the Chemical Society, Burlington House,
London, W., when a General Discussion took place on
" The Occlusion 0/ Gases by Metals."

The Discussion was introduced by the President, Sir
Robert Hadiibld, Bart., D.Sc, D.Met., F.R.S., who
occupied the chair.

The President's address opened with an historical sur-
vey, beginning with the first scientific contribution on the
subject made by Graham in rS66. Previously, Bessemer,
in r856, had recognised the importance of removing gases
from fluid steel, and bad patented a process to effect this.
He outlined the work of later investigators as it concerns
the ferrous metals, emphasising le Cbatelier's views on
the important influence of occluded oxygen on the
slruc.ure of steel. He next reviewed Heroult's opinion
as to the production of carbon monoxide in solidifying
steel and its action in forming blow-boles, and be drew
particular attention to the recent work of Allemann and
Darlington, who by means of a gas tight vacuum furnace
capable of working at igoo° C, studied the gases occluded
in ferrous alloys, and concluded that metals like
aluminium, manganese, silicon, &c., acted as catalytic
agents in preventing the occlusion of or in eliminating
gases. The matter of sound steel castings was next con-
sidered and the difficulties of the early workers, who had
no scientific guidance, were graphically illustrated. The
great modern development of the use of silicon was due
to the French metallurgists. The production of steel free
from occluded gases, segregation, piping, and other
defects, was of sufficient national importance as to call
for a Special Committee to study it exhaustively.
The printed address concludes with a bibliography.

A short note by Mr. Henry A. Kent indicated the
wide field covered by the subject, which embraced all

known actiens and reactions.

He drew attention to some general considerations.
Thus the base metals and alloys have a larger variation
than the noble metals. The rare-earth metals occlude and
combine at a low temperature, forming oxides, hydrides,
nitrides, &c. The action of the accumulator depended
on the absorption by lead of both oxygen and hydrogen.

Radioactive phenomena raised the question as to what
might be the effect of occlusion of such gases as argon,
helium, krypton, neon, and xenon.
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Piof. AtrRED W. Porter, D S;., F.K.S., opened the

discussion with EOme "G<»(/-a/ Rimarks on Occluiioii 0/

Gaits in Metali."
The name " occlusion " was introduced by Thomas

Gcaham in 1S66 (or the property of absorbing hydrogen
and subsequently retaining it for an indefinite tinie, and
has since been used to cover a multiplicity of phenomena
of similar type. These phenomena can be grouped
under the following heads ;

—
i. Chemical combination of gas with metal.

ii. Simple solid solution of gases.

iii. Immiscible solid solution of gases in equilibrium

with each other.

iv. Solution accompanied by surface adsorption.

V. Surface condensation under mo ecular forces un-

accompanied by solution.

vi. Inclusion.

It is usually a delicate matter to distinguish between
these various typ;s in practice. As an example, the

question of the occlusion of hydrogen in palladium is

discussed in some detail.

Amongst phenomena due to occlusion of gases may be

mentioned the passivity of iron and the embiiitling of

iron. The Volia effect has often been attributed to con-

densed gases. Modern work has completely reopened

the vexed question of Volta potential.

The embrittling of iron by occluded gases raised the

question what constituted brittleness. Cobbler's wax was
brittle to a sudden fracture. The questiou of time was
involved.

Mr. Cosmo Johns introduced the applied side of the

subject in a paper "On the Physical Properties oj Metals

asaQected by their 'Occluded jAses.'"

The word "occlusion" has been used to cover the

many con-p'.ix changes that take place when gases are

absorbed by metals, and has thus become a general term

rather than one which connotes a particular mode of

association of gases and metals. While it may still be

retained and used in that general sense, it seems desirable

to distinguish as " Primary " such gases as were originally

absorbed as such, and regard as " Secondary " such as are

formed as the products of reactions that occurred during

the cooling of the metallic mass.

The absorption of hydrogen by iron and copper under

certain conditions are cited as examples of true occlusion,

and the marked change in the physical properties of the

two n,etals as described by Heyn is noted. As hydrogen

is more soluble in the molten slate of these metals than

in the solid, it would follow that if the existence of a

vitreous, or non-oriented, phase as an intcrcrystalline

cement is admitted, the result of the cooling of a metallic

mass containing hydrogen would be the concentration of

the gas in the intercrystalline film, and the physical pro-

perties of the mass might be profoundly affected by a

comparatively small quantity of gas.

The gaseous oxvgen compounds found in iron and

copper are more difficult to discuss, lor in the case of iron

It is certain that a portion of CO and CO2 found in the

solid metal is of secondary origin, formed during the

cooling of the mass by reactions between dissolved iron

oxide and carbon. If the mixed gases in the ratio that

would be in equilibrium with the molten iron are soluble,

then they would suffer concentration during cooling and

would occur between the crjstals. The SO2 found in

copper is probably partly secondary. It has been found

that the value of the surface tension ol liquid steel varies

inversely as the quantity of occluded gases found in the

solid metal. Tnis Is probably due to the effect of the

dissolved iron oxide reducing the value of the surface

tension, the occluded gases found being to a considerable

extent oxygen compounds of secondary origin. I-tom

observations made on copper it appears probable that

the same rule applies, but the evidence was not conclu

sive, and it is very desirable that the experiments be re-

peated under better controlled conditions. It is concluded

ihat " as all of the ixetals used for industrial purposes
contains gases as constituents, and as all the more com-
plete physical investigations of the commi. n metals have
been made on specimens containing such gases, it follows
that we have no knowledge of the physical properties
which the pure metals or their alloys would possess if

they could be produced, and such data as are available can
only refer to metals or their alloys with an unknown
quantity of gases as important constituents.

"

Captain J. \V. McB.vi.s (Biistol University) communi-
cated a paper on •' Theories oj Occlusion ; and the Sorption
0/ Iodine by Carbon."

It was emphasised that sorption phenomena often
include a number of independent lactors, such as absorp-
tion (surface condensation), absorption (solid solution),
and various types of chemical reaction. These differ

greatly in the time relationships and quantities involved,
as in their dependence upon temperature.

.\fter drawing attention to striking theories of these
phenomena which have been recently advanced, arising
out of the study of the structure of crystals by means of
X-rays, experimental results were described, involving
iodine and caiboii and exhibiting typical sorption
behaviour. Some of these experiments had been allowed
to proceed for periods up to eleven years.

Dr. Andrew McCance (Glasgow) read a paper entitled
•'Balanced Reactions in Uteel Manufacture."
The reactions which take place in a melting-furnace are

mainly bala iced reactions, in which the important
inffuences are temperature and concentration of the
reactants. During melting the steel is in contact with a
variety of gases with which it may react, but the only
reaction which conforms with the well-known practical
fact that cold melted charges have a higher content of
FcO in the slag on meUing than those which have been
worked at a higher temperature is the oxidation caused by
the presence of steam :—3Fef4H20 = Ke304-|-4H2.

This reaction has a posit.ve heat balance, and proceeds
from right to left when the temperature is increased.

During boiling the carbon is removed according to the
equation Ft:0 + C=CO + Fe.

There are several reasons for believing that FeO is

soluble in liquid steel, and as a consequence, in those
charges which are woiked with only one ore addition, the
I ,>g carbon plotted against time should be a straight-line

law. Experiment shows that this is so, and further that
there is a distinct alteration in the rate at which the carbon
ij oxidised after boiling commences compared with the
previous rate.

Along with this reaction another takes place, namely,
FcO l-CO =C02 + Fe, which is very important, and which
accounts for the proportion of CO^ found in the gases ex-
tracted from steel. Experimental evidence supports the
view that this reaction is the controlling reaction for blow-
hole formation. When there is a high content ol CO2 in

the liquid steel, blow holes are formed owing to the
limited solubility which solid steel has for this gas. An
excess of this gas is present when much FtO is also
present—I.e., when the steel is highly oxidised. The
action of deoxidants, by removing the FtO, at the same
time converts the CO.: into CO, for which the steel in the
solid state has still a considerable solubility. So long as
the saturation limit is not reached no blow-holes will be
formed.

In estimating the gases contained in steel, great care
must be used in interpreting the results obtained, since
ihey are certainly modified by the effect of reactions taking
place between the evolved gases and the sclid steel.

Dr. W. RosENHAiN, F'.R.S., contrasted the absorption
of gases by liquid metals with their solution in ordinary
liquids, where solubility decreased with, rising tempera-
ture. This pointed to the formation of compounds more
stable at nigher temperatures, but the way in which the
cooling metal parted with its gas involved many points
calling for investigation. If the gas remained in the metal
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aitet solidification it was probably In the foim ol a solid
solution, and the nature of eucb solutions suggested tbat
the gas was held in the supposed amorphous under-cooled
liquid films bounding the crystals. These films played an
important part in determining the properties of the metal.
Touching on the absorption of carbon monoxide in iron,

be ascribed the carbonisation of iron below the critical

point to the diDusion of this gas.

Answering Prof. Porter, he said all liquids were britlle,

and cobbler's wax was a liquid. He had evidence that a

crystalline aggregate like steel became brittle when the
viscosity of the inter-crystalline cement was altered.

Prof. C. V. Bovs, F.R.S., found the brittleness of

cobbler's wax a conundrum. He refeircd to the remark-
able solubility of gases in liquid silver.

Dr. Thomas Baker read a paper on " The Occlusion oj
Gases in Steel."

The paper is a resume of the results of an investigation
into the nature and composition of the gases evolved from
steel when heated in vacuo, and the relation, if any, which
exists between the temperature and rate of evolution ol

the gases. Three types of steel were experimtnled with,
in the cast condition, and also after having beeu sabjacted
to mechanical treatment.
From these experiments it appears that the composition

of the gas is practically the same throughout the series

(49 to 55 per cent hydrogen and 40 to 45 per cent carbon
monoxide), but that the quantity varies considerably. It

is greatest in the case of solid steel in the "ingot" con-
dition, and least in the case where it has been submitted
to draslic mechanical treatment.
There appears to be, also, some relation between the

critical points of the steel and the temperature of the
maximum rate of evolution.

Whether the gases obtained by heating the steel in

vacuo are the ones evolved from the steel, or are formed
by interaction between those actually evolved, is a still

unsolved problem.

Dr. W. H. Hatfield, commenting on one of Mr. Johns'
conclusions, said that steel metallurgists knew very wel
the actual amounts of gases occluded in metals and alloys,
on which so much work had been done. There was a
tendency to e.xaggerate the amount present, which was
usually estimated by volume. He thought that the effect
of adding silicon, manganese, or aluminium to steel was
not to prevent the occlusion of gases, but to cause the
gase~< to be retained on freezing.

Sir Charles Parsons, F.R S., speaking on the forma-
tion of diamonds, said it had been proved to be connected
in some way with occluded gases. Coal gas or hydrogen
at about 2 tons pressure produced a remarkable effect on
molton cast iron ; it appeared to permit the extremely
rapid growth of graphite throughout the metal. There
was some action between the hydrogen and graphite

—

we did not know what.
Di. H. a. Bumstead described the methods he had

adopted to get rid of the last traces of absorbed gases in

metals in a liquid-air vacuum. The presence of the layer
was indicated by the amount and character of tha delta
rays emitted.

Dr. H. S. Taylor drew attention to the untrust-
worthiness of the data available for calculations of the
kind made in Dr. McCances paper.

Sir T. KiRKE Rose spoke on the " Occlusion of Oxygen
in Silver."

Following up the remarks of Dr. Rosenhain, he said
that the compoands, for example the oxide of silver, were
formed becausi»they were endothermic compounds. This
was in accordance with le Chateiiei's .'aw— the higher the
tsniperature the more oxygen was absorbed by the silver.

As the temperature fell, however, the oxygen was not
expelled until solidification, and then it all went of? at
once and a shower of metallic globules was thrown out.
Hydrogen occluded in molten copper behaved similarly.
He concluded with some remarks on brinleness.

Piof. H. E. Ar.msironu, F.R.S., referring to the two
views of occlusion that bad been put forward, said he re-
garded dissolution as a chemical phenomenon. The com-
pounds formed were incomplete conversions, excepting at
some particular temperature. In the case of oxygen and
silver, a definite oxide of silver was formed at a high
temperature, when both elements must be regarded as
being in difTtrent molecular forms having great affinity
for one another. In the case of iron, carbonic cxide had
a high affinity for it at some high temperature

; hence the
ease with which caibonic oxide passes through iron ; and
similarly in the other familiar cases of occlusion. The
unexpected resolution of alcohol into aldehyde and
hydrogen under the influence of copper follows from the
affinity of the latter for hydrogen.
On Sir Charles Parsons' remarks he would repeat his

heresy that graphite was not a form of carbon.
Dr. W. H. Hatfield controverted the views of Dr.

McCance that hydrogen was unlikely ever to be the cause
ol blow-hole formation in steel, seeing tbat 75 per cent
of the gas from blow holes was hydrogen.

Mr. E. H. Rayner supported the view that an oxide
of silver stable at a red heat, but not at a low heat, best
explained the phenomena connectei' with the absorption
of oxygen in silver.

Sir George Beiley, F.R S., illustrated an effect of
occluded gases by reference to the dependence of the
recrystall isation temperature of cold-worked gold on the
presence of minute quantities of hydrogen.

Dr. R. E. Slade explained tbat the sudden issue of gas
from silver, even with slow cooling, was to be expected
from the cooling curve of silver and silver oxide.

Captain L. ArrcHisoN adduced reasons against the
view that carbon monoxide formed a compound with iron.
He stated that the addition of a very small amount of
ammonia increased the rapidity of absorption of carbon
monoxide in the case-hardening of steel. This was con-
trary to the idea that the interciystalline cement was con-
cerned in the absorption of the gas. He was critical of
tie partial pressure theory of absorbed gases stated by
Mr. Johns.
Mr. C. R. Darling spoke of the effect of the absorp-

tion of gases on electric welding. The picklino of the
iron rod C'ted as negative in an acid produced a defective
weld, in an alkali a sound weld. Again, under certain
circumstances the weld absorbed a large amout of nitrogen
and was sometimes sound, sometimes britlle. These and
other phenomena were most obscure and called for investi-
gation.

Another curious observation was the apparent boiling
and bubbling of antimony far below the true boiling-point.

Lisut. H. C. Greenwood draw attenton to the forma-
tion of blisters on iron by the occlusion of hydrogen,
perhaps caused by the reduction of entangled oxide.
The action of caustic soda liquor on steel at high

temperatures was to increase iis strength and reduce iis

impact figure, and the action was roughly proportioned
to the strength of the alkali.

Dr. N. T. M. WiLSMORE said that the decrease of gas
solubility in ordinary solutions with rise of temperature
was only true of water. Other solvents behaved in the
way molten metals did in this respect.

Dr. A. G. P. GwvER spoke on occlusion by aluminium
and its alloys. Some blisters in cast metal, which
developed when it was rolled into sheet, contained from
i/'io 10 J of their volume of occluded gas, principally
hvdrogen, and also carbon dioxide, carbon monoxide,
methane, nitrogen, and oxygen. It was noteworthy that
hydrogen was the chief gas occluded by non-ferrous
metals and alloys, and the matter called for further study.

Dr. J. A. Harker, F.R.S., said that in determining the
melting-point of silver he had found that when the metal
was cooled in a reducing atmosphere a definite, clean
halt in the cooling curve appeared, but if the atmosphere
was oxidi.sing no such definite point was noticeable.

Nearly all metals which absorbed oxygen gave at the
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moment of mslting a Ijfge e^nissljii of ga^i, accompanied
by a greatly increased electric emiiision. The predomi-
nating sign of the current was positive, but it always
changed over to negative at the moment of melting
oxidisible metals like tin or brass.

Mr. P. Plakman referred to the importance of occluded
gas in cast iron.

The President, in referring to this matter, spoke of

the great ditficulties the old iion and steel founders
laboured under in getting sound castings before science

came to their aid.

Ur. W. H. Hatfield said that the high percentage of

silicon normally present in cast iron enabled it to take care

of the gases. No blowholes should occur if over 03 or

04 per cent silicon were present.

Ur. H. BoKNS, in a written communication, drew atten-

tion to the discrepancies between the results of different

experimenters on the nature and quantities of occluded
gases. Une source of error was often caused by gas
evolved from the heated apparatus used in the experi-

ments, and this suggested direct electric heating of the

metal as being the best method to employ. Methods ol

experimenting and of analysing the gases called for study
before much progress could be made.

Dr. K. S. Willows, in a written communication,
touched on the subject as it concerned X ray apparatus,

and he indicated points ou which information was needed
before the highest possible vacua could be produced in

such apparatus rapidly and efficiently.

Prof. A. W. PoRiER, replying to the discussion, said

the difficulty of understanding how a very small

quantity of hydrogen could contribute such brittle

qualities to any metal remained unsolved. Later he
hoped to suggest an explanation.

Mr. Cosmo Johns reiterated the desirability of making
experiments to see whether strained or unstrained metals

showed any preferential capacityfor absorbing hydrogen.
It was important to realise that we knew nothing about

the properties of pure metals and alloys. All the data

available referred to commercial metals containing

unknown quantities of gases.

Annual General Meeting, November 12, igi8.

The following Officers and Members of Council were
elected :

—
Preiidenl-Sit Robert Hidfield, Bart., F.R.S.
Vice-Presidents.—\V. R. Bousfield, K.C., F.R.S. ; Prof.

F. G. Donnan, F.R.S. ; Dr. Eugene liaanel ; Prof. A. K.
Huntington; Dr. T. Martin Lowry, F.R.S.; Prof. Alfred

\V. Porter, F.R.S.
Treaeurer—llobett L. Mond.
Coimcil-G. S. Albright; W. R. Cooper; Dr. C. H.

Desch; Dr. J. A. Harker, F.R.S.; Emil Hatschek;
Cosmo Johns ; Harold Moore ; E. H. Rayner ; Ur. George
Senter ; Cav. Magg. E. Stassaiio.

The Report of the Council states that a further grant of

^igo was made during the past year in aid of the research

on "The Setting and Disintegration of Salts and other

Crystalline Substances," which was carried out under the

auspices of a special Committee appointed by the Council.

The Society has been affiliated to the Conjoint Board
of Scientific Societies, and is represented thereon by Mr.

W. R. Cooper.
It is stated that no fewer than five members of the

Organising Committee of the British Scientific Products

Exhibition recently held at King's College, London, were
members of the Society, while the Organising Secretary

of the Exhibition was Mr. F. S. Spiers, Ss;retary and
Editor of the Society.

The Report also refers to the important progress made in

the experimental work of the Nitrogen Products Committee
of the Ministry of .Munitions. The Society was largely

instrumental in bringing to the attention of the Govern-

ment the importance ol the nitrogen problem.

In bis Presidential .'Address the President, Sir Robert

Hadfield, referred to the success which had attended the

General Discussions which were a feature of the work of

the Society. During his term of office—since just before

the war— 1 1 Symposia had been held : on " The Hardening
of .Metals," "'The Transformation of Pure Iron," "The
Corrosion of Metals," " Methods and Appliances for the
.-Attainment of High Temperatures in the Laboratory,"
"Refractory Materials," "The Training and Work of the
Chemical Engineer," " Oimotic Pressure," " I^yrometers
and Pyrometry,' "Electric Furnaces," " The Co ordina-
tion of Scientific Publication," and "The Occlusion of

Gases in Metals."

FEDERATION OF BRITISH INDUSTRIES.

The Adjourned General Meeting was held at Connaught
Rooms on Thursday, Dicember 12, Sir Vincent
Caillard presiding, when the following resolutions wer;
unanimously passed:

—

Peace Aims.

The Federation of British Industries fully endorses
the arguments which have been advanced in other quarters
for compelling the enemy countries to make such repara-
tion as is possible by paying the full cost of the War, on
the grounds of abstract justice, as a preventive of future
aggression, and as a warning to any nation which may
t\ ;r be tempted to 'oilow their example. They desire,

however, to urge more particularly on His Majesty's
Government the serious economic aspects of the question.

Unless the enemy countries pay the burden will have
to be borne by this country in the form of immensely
increased taxation for many years to come. This taxation,
however ingeniously its original incidence may be devised,
must, like all other taxations, fall ultimately upon the
industry of the country and form an element in the cost
of production. A great increase in the total cost of pro-
duction can only have three possible results—an increase
in the price of the product, a diminution in sales ending
eventually in national bankruptcy, or a reduction in the
remuneration received by all classes engaged in pro-
duction.

The first will be impossible owing to the competition of
the countries who hive taken no part in the War or who
have taken a lesser part than this country, and whose
total cost of production will consequently be Isss ; the
second means national disaster ; the third will mean that
producers of all classes—employers and employed alike—
will have to work harder and receive less than they have
ever done before. Capital will be driven away from British

enterprises to those of less heavily burdened countries, and
both the creation of new industries and the development
of those already in existence will be seriously restricted.

Under such circumstances the general standard of
living would inevitably be reduced, and it is even probable
that the total national wealth would prove insufficient to
provide simultaneously for the war charges and for the
important but costly reforms in bousing, wages, and hours
of labour now contemplated.
The Federation therefore desires to urge upon His

Majesty's Government the absolute necessity of trans-

ferring the burden of the War to those nations which are
solely responsible for its creation.

They feel, however, that as much of the damage and
loss caused by the War must necessarily remain bt-yond
any possibility of reparation, that they must define clearly

those items v/hich they consider can be dealt with. These
are

—

•

i. All expenses incurred as a direct or indirect con-
sequence of the War by the Allied Governments,

ii. Complete compensation for any loss of Allied

public priperty or of private property owned by
Allied subjects, wherever situated, including ship-

ping and invested capital, and for all damage to

such property arising from the War.
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iii. Compensation for all personal injjties, including a

sum representing the capitalised cost of all pensions

paid to disabled men and to widows and orphans.

iv. An estimated sum to cover the loss in national

power of production caused by the death or dis-

ablement of potential producers, and by the dis

organisation ot the means ol production and
transport.

V. All enemy debts and obligations on whatever

account,

vi. Interest on all these charges from the date incurred

until the date of final payment.
IE the enemy Powers are unable, as is possible, to meet

this debt by an immediate capital payment, its collection

will probably extend over a considerable period.

During this period it will be necessary to provide some
means of enforcing continued payment and of preventing

attempted evasion by real and simulated transfer of

allegiance to other countries, or by other political mani-

pulation, and above all to provide adequate safeguards

against any sudden and treacherous attack until there is

a definite assurance ot a genuine and enduring change
of political theory and practice upon the part ol our

principal enemies.
Prolonged military occupation of any considerable

portion of enemy territory would be very burdensome to

the Allies by withdrawing a large number of men from
productive employment, even if the actual cost of such

occupation were borne by the enemy countries, while it

might well impede the development of any stable and
responsible democratic authority in the territory occupied.

The Federation would suggest that the necessary safe-

guards miglit be provided wiih the minimum of inter-

ference with the free internal development, economic,

social, and political, of the defeated nations, and the

minimum of expense to the Allies by assessing an adequate

minimum annual sum to be furnished by the enemy
countries, and by placing specific revenues calculated

to produce this sum at the disposal of an inter-Allied

Commission.
This Commission would be responsible for receiving

this revenue and for paying the various Allies by instal-

ments proportionate to the total amount owed to each

Ally.

Should the epecific revenues allocated for the purpose

prove insufficient to produce the annual sum required, the

enemy Governments should assign further revenue to the

required am^jUnt.

Payment in kind, either by raw materials or in the

form of replacemert of property damaged or destroyed

should only be permitted under safeguards which would
effectually prevent any possible injury to the develop-

ment of industry and employment in the Allied countries

or any misrepreuentation as to the value of such pay-

ments.
Payments in kind should therefore be made tj the

Inter-.'^llied Commission, which would dispose of the

goods and credit the sums they received for them to the

enemy Governments. The Commission should be em-

powered to refuse any manufactured articles which could

be supplied by Allied countries.

The institution of such a Commission, if accompanied

by a complete disarmament of the enemy forces, and by

any necessary restriction on the development of aircraft

or other means of sudden attack, would enable extensive

military occupation to cease at an early date, and would
probably enable the Allies, while occupying a few points

of strategic importance from a military or naval point of

view, to reduce their own armaments to an extent which
would be impossible under any other conditions.

At the same time, by providing a common interest and
responsibility, and a definite object for continued associa-

tion and discussion, it should prove a valuable influence

in constituting the Allies and Associated nations the

nucleus of a League of Nations, into which the enemy
cotintries themselves when their debt has been paid and

their period of atonement and probation completed, could
in due course be admitted. Such a course would probably
be preferred even in the enemy countries themselves to the
constant interference and friction caused by a prolonged
and extensive military occupation.

Trade Restrictions.— It has been necessary for the
Government to control the prices and markets of certain
commodities in the past, but where this has been done
there has been an understanding that imports of these
commodities from abroad should be prohibited. This has
not been carried out in the case of cotton hosiery goods,
as American cotton hosiery goods are now appearing in

this country at a lower price than is possible for the
British manufacturers. It was accordingly decided that
urgent representations should be made to the Government
requesting them in no case to remove the embargo on
imports of these manufactured goods e.xcept after con-
sultation with the Federation, who would approach the
Association or Associations of the Trade concerned, and
if necessary put them in direct touch with the Department.

Coal Supply.—" That the position of industry in regard
to priority of Coal Supply is a serious menace to em loy-
ment and the speedy conversion from War to Peace Pro-
duction. And that the War Cabinet should take the
matter into consideration immediate ."

MISCELLANEOUS.

Disabled Soldiers. A duty devolves upon every one
ol us to do our utmost to find employment for those who
have been disabled in the war. This remark should there-
fore be a direct appeal to all our readers to seriously con-
sider if they cannot possibly find a job for at least one of
our heroes. The Secretary of the Local War Pensions
Committee will gladly answer inquiries and assist in
finding a suitable man or men.
Award of the John Scott Legacy Medal and

Premium.—The City of Philadelphia, acting on the re-
commendation of the Franklin Institute, recently
awarded the John Scott Legacy Medal and Premium to
Ernest J. Sweetland, of Upper Montclair, N.J., for the
Sweetland Filter Press. This invention is to provide a
self-dumping filter press, which will reduce to a minimum
the labour involved in discharging the solid residue left in
the press after filtration and also the labour of cleaning
the press by band.

Chemical Society Library.—With a view to meeting
the growing demand for technical literature, the Council
of the Chemical Society decided early in igiy to increase
the scope of the Library of the Society by a more liberal
provision of suitable technical works and journals. It
was also thought that by placing the existing library of
23,000 volumes, and the proposed extension at the dis-
posal of other Societies and Associations, they might
relieve themselves of the necessity of collecting and
maintaining the literature relating to their special subjects
and assist in the formation of a representative library of
Chemical Literature, such as would be difficult to obtain
by individual effort. A Conference of Representatives of
Societies and Associations connected with Chemical
Science and Industry was held to consider the means by
which other Societies, Ac, might co-oi^erate in this ex-
tension, and financial assistance was subsequently offered
by the following Societies, &c. :—Association of British
Chemical Manufacturers, Biochemical Society, Faraday
Society, Institute ot Chemistry, Society of Dyers and
Colourists, and Society of Public Analysts. Members of
these contributing Societies, &c., will be permitted tc
consult the Library and borrow books from January 1,

1919. The hours of opening the Library will be as
follows:—Mondays, Wednesdays, and Thursdays from
10 a.m. to 6 p.m., Tuesdays and Fridays from 10 a.m. to

9 p.m., Saturdays from lo a.m. to 5 p.m.
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The Ministry of Munitions announces that the sus-

pension of the operation of Regulation 3011 of the Defence

of the Realm Act on acetic acid, gtey acetate o( lime, and

acetone covets in addition pioducts associated with

acetone which have also been restricted under the Acetone

Order, including methyl acetone, methyl-ethyl ketone

and acetone oil. Trading in all of the above mentioned

articles abroad as well as at home is now entirely free

with the exception of those cases where export licenses

have still to be obtained from the War Trade Department.

No fotmslities are now necessary in connection with the

import of these materials from America.

The Science of the Future.— Mr. A. A. Campbell

Swinton, l'".R.S., in his address as Chairman of the

Council of the Society of Arts, delivered at the opening

meeting of the Session on November 10, gives quite a

hopeful forecast of scientific development in the near

future. Great advance is to be expected in the application

of wireless telegraphy as a means for diffusion of the

world's news, and many suggestions are made for the

utilisation of the more recent advances in thermo-

electricity and kindred subjscts. Mr. Swinton suggests

that the devastation due to the war can in time be repaired,

while the world store of scientific knowledge is "still

intact" ; this may be so, but the unfortunate devastation

due to the war is not altogether confined to material

property, which can of course be replaced ;
hundreds of

out young men, with minds fully trained in scientific

knowledge and method, have been sacrificed, and the

world has suffered irreparable lois thereby. Mr. Swinton

discusses the possibilities of the utilisation of radiant

energy for industrial purposes at some length, and

numerous suggestions ate made in a manner characteristic

of the author. The Royal Society of Arts is to be con

gratulated upon the energy of its chairman, under whose

guidance a successful session may be confidently expected.

Waste Products.—The Munitions Inventions Depart-

ment of the Ministry of Munitions has instituted inquiries

with the object of ascertaining whether waste products of

various chemical manufactures can be utilised for in-

dustrial purposes, and the Waste Products Committee of

this Department has carried out experiments on the waste

products set out below. Particulars as to the results of

their expsriments will be furnished to chemical manu-

facturers interested upon application being made to the

Controller of Munitions Inventions, 10, Princes Street,

Westminister, S.W. i.

1. Sulphide of arsenic residues from the purification of

sulphuric acid.

2. Residues containing appreciable quantities of

selenium.

3. Waste hydrochloric acid from pickling.

4. Waste chromium sulphate liquors resulting from the

oxidation of organic substances.

5. Residue from the manutacture of acetic anhydride.

6. Residues suitable for tne purification of coal-gas

from sulphuretted hydrogen.

7. Maize residues from the manufacture of butyl

alcohol.

8. Chrome leather scrap,

g. Mimosa bark residues.

The Committee has also investigated various methods of

derusting,

NOTES AND QUERIES.

Russian or Fish Glue.— I should be greatly obliged for a rtcipe

tor manutaoturine Russian or fish glue in liquid form. What I really

desire is a list of the various ingredients of which the glue is com

posed. I know, of course, that fish bones is one of the articles.— J.

Johnson.
Manuf.ncture of Bleaching Powder and Soda Ash - .\

correspondent, possessing large quantilies of carbonate ol lime and

havinE at command looo h -p. surplus electrical energy, wishes for

oailicilars of an electrolytic process tor manufacturing bleaching

powder and soda ash.-.Nddress, " Bleaching Powder," care of CiiSMl-

CAI. News Office,

A SSISTANT CHEMIST. — Wanted by
** Cocoi manufacturers for Analytical and Research work. Uni-
\ersilv Graduate with experieLce ni Food Analysis preferred— Apply,
staling age, qualifications, experience, and salary desired, to
' Chemist," 25, Union Street, Bristol.

("^hcmist, University trainin<^ and wide indus-
^-^ trial experience, is now free to accept ent,'aRcment as Chemist
or Technical Adviser, i:\pcrt on Distillation Me hods and Recovery
of Volatile SolvcDix, Ac. Late Chemist-in-charge of one of H.M.
Factories. Ex-Army. Near London preferred.—Write to Box 4*6,

Judd's, 97, Gresham Street, E.C. 2.

Chemist wanted, with first-class training and
experience, for a Non ferrous Metals Laboratory (London), to

organise and take charge, unaer Principal, of Laboratory employing
two or three Juniors. Preference given to man with record for ex-

tremely accurate analysis (Inorganic) and successful Research Woik.—
Replies, in confidence, stating full experience, references, and salary
expected, to " Chemist," care of Crossley and Co., Ltd., 57, Coleman
Street, E C. 2.

Chemist (46) desires Appointment, with
Partnership or Financial Interest, with Agricultural or Analytical

Chemist or Dairy Company.—Address, "C.46," Chemical News
Ollice, 16, Newcastle Street, Farringdon Street, London, E.C. 4.

C"^hemist (B.Sc, Lond.), Hons. in Chemistry,
-^ and with Continental training, seeks Appointment as Labora-

tory or Research Chemist.— Address, B. R., Chemical News Office,

16, Ncv^castle Street, Farringdon Street, London, E.C. 4.

r'^hemist (19), used to anal3'sis of Ferrous and
^^-^ Non-ferrous Alloys, Steel-works, and general experience, seeks
Situation.— .\ddress, H. S., Chemical News Office, i6, Newcastle
Street, Faringdon Street, London, E.C. 4.

Chemist (Hons, B.Sc. Chemistry), with
Technical Analytical and Research experience, requires Post —

Address, S , Chemical NKWsOffice, t6, Newcastle Street, Farringdon
Street, London, E.C. 4.

VT etallurgist desires Position. Research work
^'-*- preferred. Public school and University Training. Ex-
perience in Metallography, Pyrometrv, Heat Treatment, and Physical
Testing of Aircraft and Automobile Steels.—Address, " Metallurgist,"
Che.mical News Office, 16, Newcastle Street, Farringdon Street,
London, E.C. 4.

Works Analytical Chemist required. One
conversant with Soap Manufacture, Nicotine Extractions, and

.\gricuUural and Horticultural Preparations. State full particulars
and salary required. —Address, W. A , Chemical News Office, 16,

Newcastle Street, Farringdon Street, London, E.C. 4.

Wanted, practical Chemist with Engineering
knowledge and Pharmaceutical experience, scientific educa-

tiou, and acquainted with Analysis. State age, experience, and salary
reqnired— Address, Duncan, Flockhart, and Co , 104, Holyrocd Road,
Edinburgh.

A^outh, 19 (Lend. Matric), requires Situation
-'- asjunior in Works Laboratory. Some experience in Public

Analyst's Laboratory.— Address, "Peace." CHI^MI^ \i. Nkus Office,

16, Newcastle Street, Farringdon Street, London, E.C. 4-

pHEMICAL LABOKATORY FOR SALE
v-V by returned Prisoner. All pre-war material. Graduated glass
tUsks, &c., copper ovens, furnaces, bellows, blowpipe, physical
balance (Kipps), 200 stoppered bottles containing chemicals, platinum
utensils.— Address, Morison, 491, Fulham Palace Road, S.W. 6.

UNIVERSITY OF BIRMINGHAM.
FACULTY OF SCIENCE.

PROFESSORSHIP OF CHEMISTRY.

The Council of the University invites applica-
tions for the CHAIR OF CHEMISTRY, vacant by the rcsigna

tion of Professor Pkrcy F. Fkanklasd, F.R S.

The stipend offered is i'.ooo per year.

Applicationa may be accompanied by testimonials, references, or
other ::redentials, and should oc received by the undersigned on or
before Fkhruarv 8th', tgig.

Further particulars may be obtained from—
GEO. H. MORLEY, Secretary.
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TRINITROTOLUENE RESIDUES AND
UTILISAIION.

fHEIR

"Iso-TROTYL," "Liquid T.N.T." Chlorpicrin,
AND Sulphide Dyes.*

By MAURICE COPISAROW.

The recent development of a great war industry—the

manufacture of tiinitrotoluene—has given rise to several

problems, closely connected with one another, the most
outstanding being :

—
(i) Conditions of nitration ;

(2) Methods of purification ; and

(3) Residues and their disposal.

The first two having been already dealt with by the

author (Chemic.vl News, 1915, cxii., 247, 283; 1916,

cxiii., 37) it is intended now to deal with the problem of

residues, which, owing to their gradual accumulation,

require some method of utilisation.

The problems of residue.':, their recovery and disposal,

can be regarded as part of the greater problem of the

efficient and economical manufacture of trinitrotoluene.

The residues are derivjd chiefly from two sources :
—

(i) Those accompanying in solution or suspension the

used-up acids, and
(2) Those obtained in the process of purification of tri-

nitrotoluene by recrystallisation or washing.
The used up acid is usually considerably diluted to

precipitate as much as possible of the dissolved tri-

nitrotoluene. This procedure when carried beyond certain

limits must be regarded as wasteful, as, first, a portion

of the nitro bodies remain invariably dissolved or sus-

pended in the dilute acid, no matter what the dilution may
be, and, secondly, the recovery of arid becomes a huge
task involving the use of a large number of sulphuric acid

concentrators.

A better method seems to be to dilute the acid just

enough for the separation and convenient removal of the

bulk of the nitro body and then to extract the used-up
acid with toluene. This gives a fairly concentrated acid,

practically free from nitro bodies, and a toluene extract,

which is transferred into the nitrators. Leitch's English

Patent 15455, I9t5i seems to be very much of this kind.

The extraction of the nitro bodies with a solvent from
the used-up acids is, of course, only necessary in case of

acids to be concentrated or used for different purposes.

Whilst in the case of residues accompanying the used-up
acid the problem is confined simply to their recovery, in

case of residues derived from the purification processes the

problem is their utilisation. Among the several methods
of purification of crude T.N.T. the alcoholic treatment

occupies an important position ; the alcohol being applied

either as a solvent and crystallising medium or as a

washing agent for the crude T.N.T.
The latter method yielding a somewhat inferior product

as compared with the former, gains much favoui owing
to the considerable technical advantage it presents, the

more so as the purity ot the product thus obtained answers
all ordinary requirements.

On removing the alcohol from the mother-liquor in the

first case and the washings in the second, a dark brown
thick liquid is obtained.

This residue is slightly soluble in water, giving a

* This paper, ready for publication early id io>G and intended (o

follow directly the papers previously published (Chkmical New?;,

igiS. pp.247, 283; 1316, p. 37), had to be kept back owjng 10 war
considerations.

yellowish solution which, when treated with caustic soda,
gives a ted coloration characteristic of ^trinitrotoluene

and home other nitro aromatic bodies accompanying it.

O.i prolonged distillation in a current of steam the dis-

tillate consists of a yellowish aqueous solution, no oil or

solid matter being present, this indicating that the residue,

whilst being to some extent volatile in steam, does not
contain toluene or mononitro toluenes.

The percentage of volatile matter (alcohol, water, &c.)
in the residue was t'etermined by heating a weighed
quantity of the residue in a shallowdish to constant weight
at 97—99^ C and noting the lots in weight.

The matter insoluble in benzene (oxidation and con-
densation products of the polynitrotoluenes as well as

inorganic matter) was determined by extracting a weighed
quantity of the residue with twelve to fifteen times its

weight of benzeng, and noting the weight of solid residue.

The quantitative nitrogen determination wai carried out with
samples carefully freed from volatile matter and matter
insoluble in benzene ; the benzene extract being freed

from benzene and kept for ten hours at 97 — 98° C. The
results obtained are as follows :

—
Specific gravity of the residue .. i'47 I'so (20° C.)

Volatile matter o---' 081 pet cent
Matter insoluble in benzene .. I'Sj i"40 .,,

Percentage of yiitrogen in a ^kW-
/if(f sample 15-95— i6'oi

.Assuming the purified residue to consist of di- and tri-

nitrotoluenes only (nitrogen in dinitrotoluenes, 15-4

per cent; nitrogen in trinitrotoluenes, i8"5 per cent), we
find from the equation

—

o-i85;ir+ OI54 (loo-jr) = 15 95 (or l5 01)

that the purified sample contains :

—

Dinitrotoluenes .. .. 82'26 80-32 per cent

Trinitrotoluenes .. .. 1774 I9'68 „

The residue on long standing at the ordinary tempera-
ture giadually crystallises to a semi-solid mass, which can
by means of a filter-press or centrifuge be separated into

two parts :
—

(11) Brown solid containing 1-45— 1-55 per cent matter
insoluble in benzene, and (/') a liquid resembling the

original residue.

The proportion of solid matter so obtained to the total

varies appreciably, depending upon the conditions of the

alcoholic treatment and the duration and range of cooling,

but it is seldom below 18 pet cent.

The author has investigated three methods of utilisstion

of the T.N.T. residues:—
(i) As an explosive

;

(2) As various means of warfare ; and

(3) As dyes.

With the object of investigating the application of the

residues and their products as explosives the following

experiments were carried out :
—

t. Nitrating the crude residue at 100 — 120° C. with a

mixture of sulphuric and nitric acid containing 6 per

cent H2O and 15- r7 per cent HNO3, a light yellow

opaque liquid (specific gravity, 149— 1-51 at 20° C.) is

obtained containing 484- P4-5 per cent of trinitrotoluenes

(nitrogen, 16 9— 17-4 per cent), and forming a gelatinous

mass with gun-cotton. Considering the high percentage

of nitrogen and the property of dissolving gun-cotton this

liquid must be regarded as a " liquid T.N.T." of a high

standard suitable for the preparation of gelatinous

dynamite to be favourably compared with the Not el's

explosive (DR. P. 24235,264503).
2. Nitrating in a manner described above a sample free

from volatile and insoluble (in benzene) matter, the product

is found to be practically identical as in No. i. This

method, whilst leading to a certain economy in acid, owing

to diminished oxidation, involves much extra work.

3. Nitrating product from No. i, 2, or the residue direct

with a mixed acid containing 4 pet cent HjO and 17 pet



14 Water Softening. Chemical News,
1 Jan. 10 ig!9

cent HNOj at I20° C, a slightly yellowish solid, re-

sembling good quality crude trinitrotoluene, is obtained.

Whilst setting at 57— 5S' C. the nitrogen determination

ol this substance inaicates it to contain at leaf t gS per cent

trinitrotoluenes (N = iS 44p;r'cent). Therefore this product

must be regarded as a mixture of trinitrotoluene isomers.

As to the actual state of the isomers in the product the

fact that a-T.N.T. forms additive compounds in the solid

state not only with hydrocarbons, phenols, and amines,

but also with nitrocompounds, such as mono nitro- and

di-nitrotoluenes (Lepsius, CIttm. Zeit., iSg6, x.\., 839;
Giua, Hir., 1914, xlvii., 171S) suggests the possibility 0:

the product consisting of a mixture of additive compound-
rather than a mixture of free isomers (see ' On the Theor\

of the Formation of Additive Molecular Compounds b)

Nitio-bodies," PfeitTer, Ann., igi6, 412, 253),

Noting the fact that o-, ,i , and 7-trinitrotoluenes and

probably all other modifications are practically of the same
value as explosives (Will, lUr., 1914, xlvii., 704), this low

melting exp'.o.-ive, which may be conveniently termed
" iso trotyl," must be regarded as a useful and powerful

constituent for blasting powders like bellite and roburite,

and tor war purposes, especially incases where a lowering

of the melting point is requited as in the case ol

trinitroxylenes.

4. The method of dissolving the residue in toluene,

filtering, and then nitrating the filtrate in two or three

stag, s is found to be unsatisfactory, as a portion of the

nitrated product remains liquid (1 quid similar to that

described in No. i and 2), which is probably due to the

fact that the diniltctoluenes derivetl from »i mononitro-

toluene are less readily nitrated than those formed from

the 0- and /i-modifications, and also to the gradual

weakening of the ni xed acid as the nitration proceeds.

5. Submitting the solid and filtrate mentioned above to

an exhaustive nitration it was found that both gave

ultimately the same solid product setting at 57'58-' C. as

in No. 3.

The identity of the products of the nitration of the solid

and filtrate and the fact that the nitration of the solid

proceeds more readily, requiring less acid, suggest that the

solid represents a higher stage of nitration than the

filtrate, both leading ultimately on nitration to a mixture

of isomeric trinitrotoluenes.

It appears therefore that

—

1. No special purification of the residue, preliminary to

further nitration, is to be recommended, as the slight

excess of acid used up with the crude residue is more than

compensated by the saving of extra work involved in the

process of purification.

The matter insoluble in benzene present in the residue

is only to a small extent transferred to the nitration pro-

duct, the bulk of impurities being either oxidised or

dissolved.

2. "Liquid T.N.T." prepared from the residue can be

used with advantage for the preparation of gelatinous

dynamite.
3. "Iso-trotyl" prepared from the residue can be use-

fully employed for blasting powders, or as a valuable in-

gredient for lowering the fusion point of explosives having

a high melting point.

4. Should both the "liquid T.N.T." and the "iso-

trotyl ' be in demand, the most economical way of pre-

paring them would De to cool the crude residue, separate

the solid, and then nitrate the solid to " iso-trotyl" and

the filtrate to "liquid T.N.T."

Under the heading of utilisation for various means of

warfare the author investigated the employment of the

residues for the production of chlorpicrin, CClj(N02).
Applying Ilofmann's method of preparing chlopicrin,

originally worked out for picric acid (Ann., 1866. cxxxix.,

Ill), ».«., the treatment of the nitrobody with bleaching

powder, it was found that chlorpicrin could be obtained by
treating the T.N.T. residues with bleaching powder ; the

yield compares favourably with that obtained by the

degradation of picric acid residues, allowing for the per-

centage of nitrogen.

The T.N. r. residues can be also usefully employed for

the making of dyes. 1-using the residues or their nitra-

tion products with sodium sulphide, with or without the

addition of sulphur, dyes are obtained which dye un-

mordanted cotton fast colours varying from grey to khaki
and brown ; the paiticular colour depending not only
on the concentration of the dye-bath but also on the tem-
perature and duration of fusion and the addition of sulphur.

These methods of disposal of the T.N.T. residues, whilst

in no way exhausting the methods of their possible utilisa-

tion, suffice to indicate that in the manufacture of tri-

nitrotoluene there are no waste products in the actual

sense of the word, as even the nitrous fumes so abundantly
given ofT during the nitration can be easily recovered.

WATER SOFTENING.

By P. E. KING.

The hardness in water is due to soluble salts of calcium
and magnesium ;

" temporary hardness " to carbonates of

lime and magnesia, held in solution by caibonic acid;
" permanent hardness " to sulphates, nitrates, and chlorides

of these mstaU, which are soluble of themselves. The
greater part of the temporary hardness can be removed by
boiling the water, but except in some cases where in de-

oiling plants exhaust steam is used for this purpose this

plan is not applicable. The reaction invoivid is :
—

CaC03.H2C03 = CaC03 + COj+HiO.
Soluble. insolubli:.

The carbonic acid gas holding the carbonate in solutton

is driven off, and the carbonate is thrown out of solu-

tion. The permanent hardness must be removed by
chemical treatment; i.e., is not removed by boiling under
ordinary atmospheric pressure. This distinction between
temporary and permanent hardness fails altogether as

soon as the water enters a boiler, for at the very high
temperature of a boiler under high steaming pressure the

calcium s'llphate becomes insoluble and the magnesium
chloiide, inert while cold, becomes actively corrosive.

The methods of water softening may be divided into

two distinct groups, the first of which can be sub-divided
into three :

—

Group I., (a) the lime processes which is used in cases
where the hardness is only temporary or mainly so.

(b) The soda process where either carbonate of soda
or caustic soda is used.

(c) The lime and soda process, which is the method in

general use.

Groidp II.— In the second group is found the most
recent method of softening water; i.e., the Permutit
system :

—
In Group I. the chemical reactions involved in the re-

moval of the temporary hardness by lime are :

—

CaCO,. HjCOj -f Ca(0 H)j = 2CaC0j-t- 2HiO.
Soluble. Insoluble.

MgCOj. HjCOj-f Ca(0H)2 = MgCO, -I- CaCO, -F 2HiO.
Soluble Slightly soluble.

and with more lime the magnesium carbonate still in

solution is converted into hydrate, which is practically

nsoluble.

MgC03H-Ca(OH)2 = Mg(OH)i-) CaCOj.
Insoluble.

Lime will thus only remove temporary hardness.
When caustic soda is used the reactions are :

—
CaCOj HjC03-f2NaOH = CaC03+ N32C03 + 2H20,
MgCO,.H2C03 + 4NaOH = Mg(OH)2-f2Na2C03-l-2HjO.

In this case the water is left alkaline with carbonate of
soda, which is objectionable except where permanent
hardness is present, when the carbonate will then react

with this and bring about its removal.
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For the cenioval of tac pcnnajient hacdiiess, caustic
soda or sodium carbonate is required, and the la tet is

most generally employed. Using carbonate, the following
equations represent the reactions :

—
MgS04 + Na^COj - M jCOj+ NajCOj.

This reaction is sluggish, but it lime be employed as well
ttie magnesium carbonate is converted into hydrate and a
better softening obtained.

MgC03+ Ca(OH)2 = Mg(OH)2+ CaCO,.
CaS04 + NajCOj = CaC03+ Na2S04.

T.ie presence of free CO^ or bicarbonates interferes with
this reaction by forming soluble bicarbonate :

—
CaS04 + H20+ COj+ Na2COj = CaC03.HaC03 + Na2S04.

Hence, in nearly all cases, lime is necessary as well as
carbonate of soda for an tifi;ient softening.

Using caustic soda, the following eqjations represent
the reactions :

—
MgS04 + 2NaOH = MgiOH)j + NaaS04,

CaS04 + 2NaOH = Ca(OH)i+ NaiS04;

i.e., calcium sulphate is not removed by caustic soda, but
it free COj or bicaibonates be present sodium carbonate
will be formed, and this will remove the calcium sulphate
(see equation above). Caustic soda is only suitable under
exceptional circumstances when the permanent hardness is

chemically equivalent to the temporary hardness. Thus,
by a suitable combination of reagents, waters of varying
hardness and of varying composition can be successfully
softened.

Before proceeding to a description of the plants for

water softening it should be pointed out that however
efficient a lime or lime and soda plant may be, it cannot
entirely remove all hardness from the water, this being due
partly to the solubility of calcium carbonate »nd partly to

excess of lime left in the softened water. At the very best
the hardness is reduced to 2° Clark, or 3 parts per

100,000, but generally the hardness is nearer 5°.

Plants for Water Softening.

In 1841 Clark invented a process of treating water with
lime to remove carbonic acid and bicarbonates of lime
and magnesia. Shortly after a process of removing sul-

phates of lime and magnesia was invented by Porter, and
a combination of these two methods is now called the

Porter Clark process. Clark's pi mt consisted of three

settling tanks, one for mixing the hard water and lime

water, a second one from which softened water is being
drawn, and a third kept in reserve.

The Porter-Clark process consists in the application of

machinery to the ordinary Clark's process.

The Gaillet and Huet (also known as the Stanhope)
process is a continuous one, lime water and sodium
carbonate being employed as reagents. The clear saturated
lime water is made by passing a certain definite propor-
tion of the incoming hard water thiough the milk of lime
contained at the bottom of the lime saturator. The
saturated lime water containing solid particles in sus-

pension gradually rises in the saturator, the solid particles

meanwhile gradually falling down and clear saturated
lime water is dischar:.ed at the top. The lime water is

mixed with the hard water, to which also a definite

quantity of soda solution is added from a separate tank,

and the mixture is led to the bottom of the clarifying

tower. This contains diaphragms fixed to alternate

sides. As the water rises slowly in the tower the pre-

cipitated salts settle cut on the diaphragms, slide down
to their lower ends, and are there removed by suitable

sludge cocks. The last traces of suspended matter are

removed by means of a wood-wool filter placed in the

upper part of the tower.

The Lassen and Hjort apparatus is one of the most
efficient plants of the present day, and differs from most
softening plants in its method of adding the requited

chemicals to the water. The hard water to be softened
is led into the plant by a ppe which alternately fills each
compartment of a two-cha.-nbered tipper oscillating on a
bliaft carried in bearings. When one of these compart-
ments is full of water the disturbance of equilibrium
causes the tipper to Overbalance and discharge its con-
tents of water into the tank in which it is suspended. At the
same time the other compartment of the t pper is brought
under the orifice of the inlet pipe, and filled in its tarn with
hard water to be discharged in the same manntr when
full. At each discharge ot water Irom the tipper a definite
quantity of reagent is discharged from the semi circular
chemical container affixed to the side of the tippet tank.
This is effected by means ot the positive discharge valve
placed in the bottom of the chemical container, which is

opened at each movement of the tipper and caused to
deliver into the reaction chamber the exact quantity of
softening reagent required. The chemicals are generally
milk of lime and sodium carbonate. The valve can be
easily adjusted to discharge any specified quantity of re-

agent. Ihe mixture of bard water and reagent passes to
ihe bottom of the reaction chamber, where the greater
part of the precipitated salts settle out, and the water
lising in the chamber finally passes through a wood-wool
filter before passing to the storage tank.
Another type of plant is the Paterson Osilameter Bypass

type, in which a certain proportion of the incoming hard
water is by-passed through the "Osilameter." This is a
two-chambered tippet operating somewhat similarly to
that described under "Lassen and Hjort" apparatus.
The main quantity of hard water drives a water-wheel,
vvhich works agitating paddles in the chemical tank. These
agitators are iiited with cups which fill the reagent
measuring bucket, the excess continually flowing back into
the tank. The tipping of the Osilameter overturns the
reagent bucket, the contents of which mix with both the
water from the Oiilameter and the main supply from the
water-wheel. Funher purification of the softened water
is similar to that described before.

Other water softening plants ate those of Kennicott,
Boby, Royle or Reisert, Bell Bros., and Archbutt and
Deeley. These ate all lime or lime and soda plants, and
d Her only in mechanical working from those previously
described. The Archbutt and Deeley plant is, however,
not continuous, and differs from the others in that the
softened water is finally carbonated. This is to neutralise
tne free alkali, and thus prevent the deposit of further
.^luJge through the further action of the alkali on any
remaining hardness.

[L. Archbutt states that the chief action of re-carbonating
is the conversion of Mg(OH)j into MgC03 {Proc. hist.
Mech. En^., i8g8, p. 404 ; Abs. in jfourn. Soc. Chem.
hid., iSgg, p. 292)]

.

Plants operating with saturated lime water are becoming
obsolete, because as from 10 to 25 per cent of the total
supply of water has to be by-passed through the lime
saturator the plants have to be very large. It is also
difficult to get constant saturation on large plants. Again,
many waters contain impurities which coat the lime in the
saturator and render it ineffective.

Group II.

—

Permittit Process.

This process is comparatively modern, but its use is

rapidly extending on account of the simplicity of its action
and the softness of the water produced. It is a process of
softening wattr without the addition of chemicals or the
formation of sludge. The hard water, either crude or
partially softened, is passed through a bed of granular
material called "Permutit." The process is not one of
ordinary filtration; i.e., no solid matter is thrown out as
a precipitate, and it is, in fact, most essential that the
water be petfecily clear before entering the plant.

Permutit is a sodium aluminium silicate corresponding
to the formula 3S Oi.AUO3.NaiO 6H2O, and today is

manufactured at Brentford by the interaction of sodium
silicate and sodiu:)i aluminate. It is marketed as hard
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bining gcanules, and in appearance somewhat resembles

coaise quartz.

Duiing the passage of the hard water through a bed of

this material the sodium atoms are exchanged lor thobe

ot calcium and magnesium. Representing permutit as

Najl'm, the following equations represent the reactions

involved ;
—

NaiPm + CaCOj.HjCOj-aNaHCOj+ CaPm,
NajPm -r MgSOj = NajSO^ + MgPm.

S milar equations will represent the reactions for mag
nesium bicarbonate and calcium sulphate; i.t., the

bicatbonatcb of calcium and magnesium are converted into

sodium bicarbonates, the sulphates of these metals into

sodium sulphate. All traces of calcium and magnesium
ace removed and a water of zero hardness results. By
long continued filtration of the hard water the whole of

the sodium can be replaced by calcium or magnesium, or

the two together, but this is not done in practice as zero

water would not be obtained throughout the process.

According to the hardness and the quantity of permutit

employed a certain definite quantity of hard water is

passed through belore the process of regenerating the

permutit begins. It has been found by experience that

water contamingjnuch magnesium salts requires a larger

proportion of permutit than one only containing salts of

calcium.
The regeneration or revi\ilication of the permutit is

accomplished by a solution of common salt, which is em-
ployed in lo per cent strength, and should be free from
magnesium chloride. The following equations represent

the reactions involved during regeneration :
—

CaPm-|-2NaCI = CaCU + NajPm,

MgPm + 2NaCI = MgCl^-t- Na^Pm.

Sodium permutit is regenerated and the calcium and
magnesium chlorides which are formed are soluble and
washed away to the drain by the wash water. It will be

noticed that no sludge is formed. The method of working
is as follows :

—
Before introducing the salt solution the permutit is

agitated by causing the water to eitet the bottom of the

filter. This loosens the permutit and removes any air

channels which may have been formed during the softening

process. After af itating for a few minutes the salt solu-

tion is allowed to flow into the permutit from the top and
to percolate slowly through, the speed being arranged so

that regeneration lasts about ten hours. The salt solu

tion remaining in the filter is now washed out, and after

completion the softening recommences.
In cases where the water to be softened is very hard

and where it is required to have a water of zero hardness,

the ideal system would be to remove the greater part of

the hardness by a lime and soda plant, and the remaining
hardness by the permutit system.

Although there are to-day in this country plants operating
successfully by this method, there are others which have
gone wrong alter a period of years. The permutit has
gradually become contaminated with chalk, and ultimately

fails to soften the water. The cause of this is undoubtedly
due in the first place to the alkalinity of the water coming
from the lime and soda plant. This alkalinity, due to free

lime, sodium carbonate, or caustic soda, is unavoidable,

and can only be kept within limits by careful woiking. It

affects the permutit in one or more ways.
1. Free lime passing through the permutit will produce

caustic soda vsb.ch will gradually dissolve it.

2. Sodium carbonate passing through the permutit
already containing some calcium permutit will produce
sodium permutit and calcium carbonate, the latter some-
times passing onward and giving the water an opalescent
appearance,

3. Free alkali causes a further deposit of chalk to occur,

this being formed from the residual hardness not com-
pletely removed in the preliminary softening. It is well

known that water, even after filtration through wood-wool,

will on further filtration through sand deposit a further

amount of chalk ; i.e., the water is further softened. The
sand acts as an accelerator of the softening action ; i.e.,

it brings about the same effect as allowing the water to

further stand for some hours. The permutit undoubtedly
acts in the same way, only possibly in a more energetic

manner, owing to its porous nature.

It is the opinion of the author that the reason of

permutit failing is to a greater extent due to the action

mentioned under (3) rather than (t) and (2), because in

those cases where permutit works successfully alter

previous softening, the water has a more or less long

period of rest belore it enters the permutit system. This
period would allow the reaction mentioned under (3) to

take place before the water entered the permutit plant.

The author is further led to this belief because the water
in question did not enter the permutit plant for two to

three days after previous softening with lime and yet was
still alkaline.

A method has been tried for overcoming this difficulty

of the alkaline water. Calcium permutit possesses the

properly of absorbing free lime, the compound supposed to

be formed being represented as CaPmCaO. The calcium
permutit is regenerated by passing bard water through in

the reverse direction, the lime softening this water and
being removed as chalk which is washed away to the

drain. Although this method works well for a short

period the calcium permutit loses its efficiency, and free

lime again passes through without being absorbed.
Assuming that a method will be found to overcome this

difficulty ot alkaline water it is probable that a plant con-

sisting of three separate systems ; i.e., lime and soda
plant, followed by, say, calcium permutit, followed by
scdium permutit, would be more expensive to work than

a sodium permutit system operating directly on the crude
hard water.

—
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THE CONFIGURATIONS OF ORGANIC
COMPOUNDS AND THEIR RELATION TO
CHEMICAL AND PHYSICAL PROPERTIES.*

By ARTHUR MICH.IEL.

In this paper the physical and chemical properties of the

stereomeric, unsaturated acids will be co-ordinated with
the configurations given in the first communication (i), as

far as the experimeutal observations at hand permit, with

a critical revision of previous views in this field.

Owing to the imperfect and inadequate experimental

data, a perfectly satisfactory treatment of the subject is

not possible at present ; even in the few existing

systematic investigations, not infrequently the members
ot the series most important from the viewpoint of theory

were omitted, as beyond the scope of researches.

Thi Relalions bciwien the Physical Properties and the

Configurations of Unsaluiated Acids.

Density.—The removal of hydrogen from contiguous
carbon atoms proceeds with their greater segmentation

(2), which should augment the increase in gravity already
produced by the elimination of the lightest known
matter. This change should be in a direct relation to the

number of the removed atoms, provided substances with
similar configurations and in the same or a strictly com-
parable state ol molecular aggregation are compared (3).

That such an increase takes place with unsaturation

was shown by BufT (.)), and was confirmed by the later

work of Schiff (5), Lossen (6), Zander (7), and VVeger (8),

who found that the \ alues of the increments vary con-
siderably in ditlerent substances. A reinvestigation ot

the subject is necessary, however, as the conclusions of

» From lue Journal of the .Imencan Chemical Society, xl., No. 11.
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these chemists were based largely on the comparison of
the compounds with dissimilar stereo-structures. That
progressive unsaturation, with formation of bodies of
comparable configurations, really proceeds with increase
in density is shown by the data on the / amyl esters,
givea in Walden's (g) research on their specific rotary p ower.

To follow the relations between the position of un-
saturation in the aliphatic, monobasic acids and the
density increase, it should be borne in mind that the re-
latively heavy carboxyl group is here the dominating factor
in the specific gravity, and that therefore the density
values decrease with the increasing molecular weight of
the hydrocarbon radical. On the other hand, the density
should rise in unsaturation with the nearness of the un-
saturated hydrocarbon group to the carboxyl, as the seg-
mentation of the axial ii-carbons is proportional to such
a relation. a,8-Unsaturation of a saturated acid aug-
ments the density decidedly more than it does in the
S,T-position, and that the difference in the effect due to

l3,y- y,6- and ^.tunsaturation is comparatively slight, is evi-
dently in agreement with theory. The observations at hand
do not permit quite sure conclusions on the connection of
density wfth structural and stereo-structural chemical
changes in unsaturated acids, but it is very probable that
the replacement of a nuclear hydrogen in acrylic acid by
a primary alkyl group, causes a decrease in the order of
cis-, tnms-, and a-substitution, and also with the molecular
weight of the radical. Although the density relations in
stereomeric substances are proportional to the magnitude
of the compression at the axial carbons, it does not lollow
from this connection that the density relations and those
of the heats of combustion, and in the case of acids of
the affinity constants, always run parallel to each other.
For the chemical nature of the axial groups may be such,
that the segmentation due to the change of energy at the
axial A-carbon atoms may not be proportional to the
decrease of bound energy in the axial groups, or to that
of the negative energy relations at the acidic hydrogen
atoms (10).

As far as is known, however, the fumaroid form shows a
greater density, excepting in the esters of maleic and
fumaric acids (ii) and those of allocrotonic and crotonic
acids.

Since a reversion in the energy relations of maleic and
fumaric acids occurs in the formation of the sodium salts
(i2), there is evidently a possibility of a corresponding
change taking place, but to a less extent, with esterifica-
tion. The catalytic transmutation of the maleic into the
fumaric esters (13) shows, however, that this is not the
case, although their physical and chemical properties and
their energy relations are much closer together than those
of the acids. The carboxyl group in esterification
evidently looses much of its negative energy, and the
esterified carboxyl groups in fumaric acid, that are cis-

to the nuclear hydrogen atoms, become less capable of
neutralising the positive energy of these atoms, and this
results in a separation of the axial carbon atoms. On the
other hand, the same change in maleic acid, by reducing
the iiegatiyity of the carboxyl groups which are in cis-

position, increases their attraction, i.e., it causes an
approach of the axial carbon atoms. Moreover, the cis-,

much more than the icans-relation of the carbalkyloxyl
groups allows a better intra-molecular neutralisation of
the chemical for;es in them, through which the axial seg-
mentation in the maleinoid ester is increased to a greater
extent. Esterification, therefore, causes a relative reversal
in the segmentation relations of the axial carbon atoms,
and to an extent sufficient to give slightly larger densities
to the maleic esters (14).

The substitution of a nuclear hydrogen atom in these
esters by a methyl group, introduces the different

.56 56
influences of c«s-CH3 m a fumaric ester, and traiisCH^ in

a maleic ester to the oxygens of one of the carbalkyloxyl
groups. The positive influence of this methyl group is

evidently greater in the fum. derivative, which explains

why the densities of the (fum.) inesaconic esteis become
higher, although only very slightly, than those of the
(mal.) ciira-compounds.
The experimental data on the densities of the ethyl

esters of allocrotonic and crotonic acids are less satis-
factory, but it is probaole that the alio derivative has a
slightly higher value (15). In allocrotonic acids the
d CH5 is in the cis-5,6-, ana in crotonic acid it is in the
<<a«s 5,6-position relative to the oxygens, and esterifica-
tion may displace their density relations, which are pro-
bably not far apart in the acids, in favour of the mal.
derivative.

J. Traube (16) has eximinsd the molecular volume of
the sodium salts of 6 pairs of stereomeric acids in dilute,
aqueous solution. The salts of allocrotonic, dibromo-
crotonic (94°), cinnamic, furfuracrylic, fumaric, and
mesaconic acids show a larger volume than those of the
stereomeric acids, and classifying the acids according to
vVislicenus, Traube concluded that the salts of Iraiis-ncida
show a larger volume than those of the c;s-3tereomers.
This conclusion is not tenable, since allocrotonic is a cis-
acid, and the dibromocrotonic acid melting at 94°, is not, as
was assumed, a derivative of crotonic, but of allocrotonic
acid.

Traube found further that the mjlecu ir volume of allo-
crotonic acid is somewhat, and that of cilraconic acid con-
siderably greater than those of the stereomeric acids, and
concluded, as this is also the relation existing between
the affinity constants, that the connection is explained by
the difference in the " ionisation " of the acids. This
conclusion cannot be considered proven on account of the
meagre experimental data, and no explanation was given
why an increase in the "ionisation " should cause an
increase in the molecular volume.

Solubility (17).—In the solution of an acid in water a
neutralisation ot its negative energy to a greater or lesser
amount by the positive energy of the solvent occurs, and
the solubilities of stereomeric acids should stand, there-
fore, in a direct relation to their affinity constants, that is,

the mal. form should show the greater solubility. Further,
there should be an approximate proportionality between
the differences in the affinit/ constants of such structurally
related acids and those of their solubilities. The first

conclusion could not have been drawn, a priori, and, the
latter relation is not valid, in the case of some /8-halogen
ethylenic acids, in which a reversion of the energy
relations in the mother acids took place with the substitu-
tion of hydrogen by halogen. For instance, with the
conversion ot (fum.) crotonic acid into the (mal.)
d-chlorocrotonic acid, the less soluoility of the fum.
mother acid might possibly have outbalanced the effect of
the change in the energy relation (18). Actually, how-
ever, in all known cases the maleinoid shows a greater
solubility in water than the fumaroid form (ig). The rule
does not necessarily apply to other solvents, even when,
like water, they are relatively basic towards acids, e.g.,

mesaconic acid is more soluble in ether than citraconio
acid. Whether a relation exists between the affinity

constants and the solubility factors in such solvents can-
not be determined at present, owing to inadequate ex-
perimental data. Generally Epeaking, however, the
maleinoid stereomer in all classes of ethylenic deriva-
tives shows in solvents a greater solubility than the
fumaroid body.

Meltiug Porii/.— Carnelly (20) connected the higher
value in isomeric compounds with the more symmetrical
structure, to which the rule of the writer (21) for

stereomers conformed, that is, the fumaroid spacially more
symmetrical form shows the higher melting point. This
rule still holds for the stereomeric mono a- and d deriva-

tives of acrylic acid. With stereomeric, disubstituted

Sproducts, it is impossible to decide which of two forms
has the more symmetrical structure, and with li-haXogen
derivatives of stereisomers, whose melting points differ con-
siderably, the maleinoid modification may have, as has
been explained before (18), the higher value.
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Tbis relation may also appear in derivilives oi such

slereomeiic acids, where the catbcxyl group has been

modified chemically. Tnus the chloiide ol the mal.

fi chlorocioionic acid is a solid (94 j and the lum. deriva-

tive is a liquid, and the melting pomts of the naphthyl

esters confoim relatively to those of the acids. It the

hydroxyl groups ol these acids ate replaced by Nlh, that

is by a radical which in this position is decidedly positive

to hydtcxyl (a), the maleinoid melts lower (100=) than

the fumaioid dciivative(iio"), and it is not inif ossiblc that

the energy relaiioi-.s have been reversed in these com-

pounds. On the other hand, the anilide (124°), naphthyl

amide (169 ), and phen)lhydrazirte (130'), o! the mal.

chloto acia, in which NH2 is replaced by less positive

radicals, melt higher than those of the luni. derivative

(105". 155°. "4') (^3)-

The former rule, that the fumaroid form always shows

the higher melting point, is, therefore, too general and

requires modificaiion in the above sense. The explana-

tion of the relation between melting point and structural

or slereostructiral symmetry, should be based on the

relative tree eiieigy contents of the compounds. .According

to the " thermo chemical law of structure " (24) the sym-

metry of positive radicals in isomeric substances towards

a common negative nucleus is connected with an increase

in the heal of formation, i.e., with diminution of Iree

energy, and this is also true in stereomcric bodies. As
the change in the state of aggregation consists in over-

coming the intetmolecular attraction to a certain degree,

it seems in accordance with the less free energy in the

mote symmetrical isomer and st-.reomer, that a greater

heat increment is necessary to bring them into the liquid

state (25).

Boiling /'(J»k/.— Boiling may be considered a continua-

tion of the melting process ; and the same reason why
the fumaroid should melt higher than the maleinoid form

exists in regard to their boiling-point relations. The
former rule (26) that the fumaroid stereomer shows the

higher boili«g-point is still valid, with the exceptions that

occur in the relations between the esters of several

dibasic etbylenic acids, where the maleinoid products

show somewhat higher values (27). When one of the

acidic hydrogen atoms in inaleic acid is replaced by

sodium, the fiee positive energy sliil residing in the metal

is further converted into bound entrgy and beat by the

oxygens of the remaining carboxyl group. This final

conversion is possible only to a much lesser degree in the

corresponding acid fumaraie, owing to the greater

distance in space between the metal and the respective

oxygens (2S). Corresponding changes occur again in the

torination of the neutral salts, and the energy relations in

them are close together, but the reverse of those in the

acids, that is, there is an excess of positive energy in the

fumarate, and probably, also, in the maleate, but cer-

tainly more free energy in the first than the latter salt.

This mutation in the energy relations is plainly manifest

in the gradual change in the properties of these and
analogous derivatives. It shows itself, for instance, in

the much greater values of the secondary affinity constants

of lumaric and mesaconic than those of the maleic and
citraconic acids; in the greater value of K for the acid

sodium fumarate than lor the maleate (29) ; in the altera

tion of the titration curves for fumaiic and maleic acids,

wbi.h are about the same after half neutralisation but are

very different before (30), and in the oxidation of potassium
fumarate to the salt of the more acidic racemic acid (31),

while the decomposition of fumaric acid dibromide, by
boiling, gives the weaker mesotartaric acid (32).

A similar change in entrgy values occurs in the con
Version of maleic and fumaric acids into their acid and
neutral esters, since in the estcrilicaiion piocess a neutrali-

sation of acidic energy takes place. In the acid esteis

the difference in the energy contents must be much less

than in the acids, and that in the neutral esters should
either approximate each other, 01 the relations might even
be reversed.

The latter contingency is barred by the catal}tic con-
vertibility of maleic and citraconic esteis into fumaric and
mesaconic esters, and we should theiefore i xpect fiom the

eneigy relations, that the boiling-points of these products
should lie close together, but that the first-named esters

should show somewhat lower values. Evidently, an
unusual factor of importance enters into the rropttty in

this class of derivatives, which may possibly he that the

maleinoid esters have a Entailer specific heat than the

fumaroid derivatives, and which could well cause the

anomalous relationship in the bciling points.

For reasons explained above, the ditlerence in the

energy relation of maleic and fumaric acids and their

homologuas decreases with the replacement ol nuclear or

acidic hydrogen by primsry alkjl groups (a), and as it

should, in a direct proportion to the size of the radical.

The boiling points of such derivatives are in agreement
with thecry ; thus, the diftetence, which between the

meihjl esters of the maleic and fumaric esters is 15°, falls

to 7 5^ in the ethyl esters; and that between the methyl
esteis of citraconic and mesaconic acids is only 5°, wbich
decieases in the ethyl esters to 23° (34).

Viscosity — .-According to Reyher (35) the viscosity con-
stants of the sodium salts of alphatic acids increase,

generally speaking, with the decrease of the allinity con-
stants of the coriesponding acids ; Utei Lauenensiein (36)
showed that iriegularilies occur, which are particularly

noticeable in the salts of the aromatic acids. As sodium
is a strongly positive metal, there is an ex-ess of positive

energy in such salts of most monobasic organic acids,

and the viscosity relationship appears to stand in a direct

relation to the free, positive energy in the salt.

In accordance with such a relation, the viscosities de-

crease with unsaturation ; thus, in passing from (cis)

sodium succinate to the comparable sodium maleate, the

viscosity falls from I'39i4 to i'23go, to increase with
sodium fumarate to i'337i. Although, in the next
homologous series the values of the salts of the un-
saturated acids are less than that of the saturated deriva-

tive, and in accord with the Ki relations are larger

than those of the maleate and the fumarate, the relations

in the salts of the two saturated acids and in those of the

ethylenic acids in the series are displaced (37). Viscosity

is a developed constitutive property, and the relation

existing between it and the energy content would doubt-
lessly appear mere maiked, if compounds existing in

solution in a strictly comparable molecular condition were
used as the basis of cornpatison.
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(To be continued).

CONTROL OF METALS, CHEMICALS,
MACHINERY, AND PLANT.

Priority for Orders Involving the Use of Metals.

For the guidance of manufacturers it is desirable to te
capitulate the modifications in he control of material
and machinery which have been made to date by the
Ministry of Munitions since the cessation of hostilities.

I. Priority.

(a) Ordinary civil orders may now be placed and
executed in Class C without priority permits or certificates.
No lurthtr applications need, theref e, be made to the
Priority Department of the Ministry ot Munitions unless
it is desired for national reasons to raise the priority of an
Order.

lb) Uncomplete contracts for the Admiralty, War
Office, and Ministry of Munitions, which have been
placed in Classes A or B, need no longer be given the
priority attaching to them under the Order of Priority ot
March 8, igi7, except in cases where the contractor is

notified in writing or by official notice in the Press that a
particular classification is still required to be given to any
particular contract.

II. Metals.

(a) Modification of Control.— (i) Iron, Steel, and Non-
Ferrous metals may be ordered, supplied, and used (or
Class C orders without priority classification or reference
number from the Ministry ot Munitions ; and stocks pur-
chased and held by Government Contractors may be used
for any class of work. (2) No permit is now required for
the manufacture ot sale of Iron and Steel Wire or Wire
Rope for Home Trade, and until further notice manu-
facturers of Forgings, Stampings, and Castings in Iron,
Steel, or Malleable Iron are at liberty to accept orders
for priority belov/ Class B. (3) The Control Orders for-
bidding dealings in Non-Ferrous Metals without a licence
are suspended in the case ol Tin, Copper, Brass (including
swarf and scrap), Cupro-Nickel, Scrap, Spelter, Lead,
Platinum, Chrome ore, and Typ5 Metals. (4) All re-
strictions as to the sale or purchase of Calcium Carbide
have been removed subject to a maximum price to con-
sumers of £40 per ton for quantities of i cwt. and over.

(b) Export Licences.— (i) Manufacturers must still con-
tinue as hitherto to obtain licences for export for articles
made of Steel and Non-Ferrous Metals coveted by the
various schedules ot the War Trade Department, but
every effort will be made to grant these licences as freely
as possible.

(c) Prices. — (1) The maximum prices of steel for Home
Trade are to continue at their present level until February
I, igig, when the direct subsidies paid by the Govern-
ment on Steel will cease, and a coiresponding increase in
price take place. A schedule of the prices to come into
force on February i can be obtained on application to the
Ministry of Munitions (C.I.S.P., Room 104, 8, North-
umberland Avenue, S. W. I). The present maximum prices
of Pig Iron are to remain unchanged until April 30, 1919,
but post war conditions are not yet sufticiently stable to
warrant a fixing of prices after that date. (2) A schedule
of fixed Report Prices for Pig Iron and Steel, to take
effect from November 18, 191S, has been issued, and can
be obtained on application to the Ministry of Munitions,
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as above. The prices which ate based upon the existing

home piices, plus the subsidies paid by the Government,
will remain in force until further notice. Upon all

irxpoiis of Pig Iron, unmanufactured Steel, and certain

classes of scmi-manulaciured Sicel, a drawback will be

collected by the Board of Customs and Excise, equivalent

to the amount of the subsidy already paid by the Govern-
ment on the articles in question. The items on which the

drawback is chargeable are thos; whose prices are con-

trolled and included in the schedules referred in the

preceding paragraph. Application for the s:hedule

showing the amount of the drawback to be collected

should be made to the Board of Customs and Excise,

Lower Thames Street, London, E.G. (3) The following

is a schedule of the present prices of Non Ferrous Metals

from holdings of the Ministry ;
—

Buyers, per ton.

Copper, electrolytic .. .. £125 Oelivsred works.

Brass ingot to Government
specification £<i'i Do.

Spelter—G.O.B £57 Do.
Refined gg'g p.c. . . £(>i Do.

Aluminium £200 Do.
Soft pig lead £^o Ex steamer or

ex-store.

(The existing schedule in relation to manufacture in

lead is abolished).

Nickel £'95 Ex-works or

warehouse.

Antimony £$s Do.

(These prices are subject to usual E.xiras for small

parcels).

IIL Chemicals, .-•j.

(a) Alcohol.—Alcohol and Methylated spirit are now
available for industrial purposes, and can be obtained

through the usual channels subject to the regulations of

the Board of Customs and Excise.

(6) G/jc<f(Hi;.—Arrangements have been made to enable

Glycerine Producers to supply their customers with sub-

stantial supplies of glycerine for general use.

(c) Shellac—Ihe Shellac Control Order of March 12,

igi8, prohibiting dealling in shellac except under licence,

has been revoked.

(d) Benzol, Naphtha, Chlorine. <?-;.—The Orders pro-

hibiting dealing, &c., in Benzol, Naphtha, Tar (Coal and

Water Gas), Chlorine, and Chloride Compounds, and

Acetic Acid are suspended.

(d) Building Bricks.—The present controlled maximum
prices lor bricks are not to be reduced, provided the

present system of control continues, for a period of six

months from January i, 1919.

IV. Plant and Machinery.

1. Resttictions as tj dealing in and prices of neA' and

second-hand machintry and treadle lathes have been

withdrawn ; but purchases of new machinery can only

be made from firms holding trade permits from the

Ministry of Munitions.

2. Contractors in possession of plant and machinery
owned by ihe Ministry of Munitions are at liberty to use

it for civil work provided they notify the Superintendent

Engineer in their area within one week from the date on

which it was fiist used. If the Contractor does not ulti-

mately wish to purchase the machinery he will be required

to pay a reasonable hire not to exceed the rate of 20 per

cent per annum on the cost price of the machine.

3. The Crane Order of December 30, 1916, prohibiting

the sale or supply of any Cranes except under permit, and

the Motor Engines and Vehicles Oidtrof January 6, tgi;,

prohibiting the manufacture except under permit, are

revoked.

4. The Orders ol March 30, 1917, prohibiting the ex-

perimental manufacture of Aeroplanes, and of .May 10,

191S, prohibiting the experimental manufacture of Aero-
Engines, are suspended.

3. Owners of Steam-driven Lorries and Trailers are no
longer required to make returns of changes of ownership.

FINANCE FOR TRADE.

THt Committee on the provision of Financial Facilities

for Trade after the War was appointed jointly by the
Chancellor of the Exchequer and the Minister of R-con-
struction in November, 1917, under the Chairmanship of

S r Richard B. Vassar-Smith, of Lloyds Bank. They
introduced their Report (now published by the Ministry of
Reconstruction) by expressing the emphatic opinion that
the primary factor in repairing the wastage of capital
caused by the War lies mainly in increased production and
actual saving.

Discussing the financial requirements of industry after

the War the Committee foresee :
—

(a) A considerably more than normal demand for
working capital owing to the higher cost of labour
and materials, the necessity for giving longer credit,

and the anticipated expansion in the volume of
trade due to the fact that the basis for potential
commercial output, as compared with pre-war out-
put, has been very greatly enlarged during the war
by the extension of existing v/oiks and the building
of a very large number of absolutely new ones,

(i) A greater than normal demand for extended credits
for the purpose of replacing at higher cost machi-
nery and plant which has fallen into disrepair.

(c) Demands in connection with the reconversion of
plant and woiks. These in many case^ may be on
the border line between working credit facilities and
new capital requirements.

(1/) New fixed capital requirements for extensions or
new works.

The Committee point out that the ability of industry to
cope with these unusual financial problems during the re-

construction period will be most limited in the case of
entirely new firms which have come into existence owing
to the demand for war material. They have been urged
strongly that it was not in the national interest to allow
tbese firms to peter out, and that every inducement should
be given them to continue in business, even to the extent,
if necessary, of granting State financial assistance. The
Committee express the opinion that it might be regarded
as unjust to enable such firms by means of State aid to

compete with old-established firms in the same industries,

and also that it would be very difi'icult, if not impossible,
to guard against wastefulness and inefiicient management.
The solution in these cases appears to them to lie in the
establishment of new industries, the capital for which
should be furnished by the investor or by the individual
partners in the business. The ability to attract the neces-
sary capital will depend upon the inherent soundness of
the proposition in each case.

The Committee further point out that it would be ol great
assistance to manufacturers in making plans for the future
if the future policy of the Government were made known
as early as possible in regard to— (a) Fiscal policy

;
(b)

Rationing of raw materials
; (c) The break clause in con-

nection with the termination of Munition Contracts
;

(d)

The disposal of National Factories and surplus stores.

Before discussing means of providing credit facilities

after the War the Committee give a short explanation of
our Credit System as existing before the War.

In normal times the amount of credit varies with the
amount of gold, the necessity for keeping the gold
standard ettective acting as an automatic check upon the

expansion of credit. As the balance of indebtedness of this

Country with Foreign Countries became unfavourable,

and the exchanges in consequence moved against us, it
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became protitable to export gold to pay debts abroad.

The constant shrinkage in tbe amount ot gold in the

Country, and the reduction in the Bank of England ratio

of reserve to liabilities, necessitated a rise in the Bank
rate, which in its turn brought about a general rise in

rates of interest. This ii;,e in interest rates had a two-

fold etTect. It attracted gold to this country, and induced

gold, which would otherwise have been exported, to

remain ; secondly, it induced people to pay ort loans and
discouraged the raising of new ones. If the drain of gold

was severe enough to make money " tight," it became
difficult to renew existing bans, and this caused the sale

of goods and produce upon which the loans were secured,

so bringing about a fall in prices, which encouraged
exports and discouraged imports, so that the situation

was gradually adjusted.

Further, from ihe point of view of purely internal trade,

the fact tbat gold was the only legal tender wau equally

effective in preventing an iindue expansion in credit.

Banks being obliged to maintain a proper relation between
the extension of credit facilities and their available supply

of gold. Thus the gold [standard acted as a wholesome
restraint upon overtrading, and oiten adjusted situations,

which unchecked might have developed into a severe

commercial crisis.

The position to-day is entirely different. As there is no
free international market in gold, the operation of the

foreign exchanges has been interrupted, while at the same
time the internal gold circulation has been replaced by a

currency note issue. As there is no legal limit to the

amount of currency notes which may be issued, there is

therefore no automatic check upon the expansion of

credit. The very large extent to which expansion has
taken place is shown by tbe fact that whereas the total

deposits at the banks of the United Kingdom, excluiive

of the Bank of England, amounted' at the end of the

year 1913 to ;£'i,o7o,ooo,ooo, theamount of deposits is now
nearly £'3.000,000,000. The enormously increasing pur-

chasing power thus created has, in the Committee's
opinion, been one of the main factors contributing to the

general rise in prices.

In regard to the position after tbe war the Committee
express the opinion that it is essential for the reconstitu-

tion of industry and commerce to impose restrictions as

soon as possible upon the creation of additioal credit by

the restoration of an effective gold standard. To attempt

to rebuild industry by the further indiscriminate expansion

of credit would endanger our position as the financial

centre of the world, and would inevitably lead before

long to grave disaster. The Committee accordingly

seconded the cessation of State borrowing as early as

possible, all available money being required for the

financing of commerce and industry. The Committee
also consider that any Government guarantee to bankers

to enable them to provide by means of credit for fixed

capital expenditure for the reconstiuction of industry is

undesirable, as being likely to occasion a further expan-

sion of credit followed by an additional rise in prices.

It is also recommended with a view to the gradual re-

duction of credit inflation, arising from the enormous
volume of short dated Government debt, that the State

should undertake funding operations at an early date for

this puipose.

As to banking facilities for carrying on ordinary busi-

nesses the evidence submitted to the Committee led them

to the opinion that the situation might safely be left in

the hands of the banks. To enable the banks to give

facilities for extended credit it is recommended that every

facility should be given by the Government to enable

the binks to issue any new share capital which may be

found necessary to strengthen their position. It is

thought that the rationing of available supplies of raw

materials will provide a valuable guide to the banks in

selecting the directions iu which loans will be best secured

and are most urgently required.

The policy of trade organisation which is now in

evidence is welcomed by the Committee as furnishing a
sound basis for the gtanling of credit facilities to in-

dustry. They also believe that if a portion of the new
issues of shares, which will be necessary for many manu-
facturing establishments, in the form of preference shares
giving a good return in dividends, were reserved for the
workpeople in these establishments, it would materially
assist both financially and in other equally important
directions.

The Committee consider that the continuance of some
measure of State control over new issues is desirable for
a certain period, and that with a view to the further pre-
vention of unsound promotions the Companies Acts
might be strengthened. The enormous potential increase
in the number of small investors, as shown by the figures
published by the National War Savings Committee, and
the importance of the encouragement of this tendency
for the rapid reconversion of trade and industry, are
emphasised by the Committee, as is also the necessity for
genuine saving to make good the des ruction of capital
during the War.

In regard to State aid, while the Committee does not
recommend the guaranteeing of banks by the Govern-
ment or the investment of public money in loans to
persons who have been unable to obt n them from other
quarters, it is considered that cases of hardship may
arise in connection with firms who have undeitaken,
under considerable pressure from the Government, the
manufacture of munitions of war. To meet such cases
the Committee suggest the establishment of a small Com-
mittee of Government officials and business men in leading
industries to consider claims of this kind in the first

instance, or to act as a tribunal to which applicants can
make appeal. The Committee are also of opinion that
it would be of very great assistance to manufacturers and
others, who had been prevented from forming adequate
reserves by the present high rate ol Excess Profits Duty,
if arrangements could be made by which a proportion of

the tax should be retained fur a period as a loan upon
terms likely to secure early repayment.

PROCEEDINGS OF SOCIETIES-

CHEMICAL SOCIETY.
Ordinary Meeting, November 21, 1918.

Prof. W. J. Pope, C.B.E., F.R.S., President,

in the Chair.

The President referred to the loss sustained by
Society, through death, of the following Fellows :—
Richard Pendarves Hodges, Edgar Dingle Jones, John
Sydney Keel.

Messrs. S. J. Green and A. L. Bloomfield were formally
admitted Fellows of the Chemical Society.

Certificates were read for the first time in favour of

Reginald Christopher Bickmore, 5, Clarence Road,
Sydenham Road, Croydon ; Stanley Edward Bowrey,
B.Sc, 115, Hainault Road, Leytonstone, E. 11 ; Bcr.jamm
Richard Heasman, B.Sc, Rutherglen, Throwley Road,
Sutton ; Harry Jephcolt, M.Sc, 43, King Henry's Road,
Hampstead, N.W.3; John Parrish, B.Sc. Tech., Ring-
wood, The Green, Sidcup, Kent ; Ernest Edward Pendle-
bury, " Moss Bank," i8.(, Wellington Road, Eccles

;

Francis Henry Sweeting Warneford, B.A., B.Sc, 21,

Rochester Avenue, Sedgley Park, Prestwich, Manchester;
Leo Daft Williams, 16, Hauteville Court, Stamford
Brook, W. 6 ; Charles Thomas Woosnam, M.A., 22,

Royal Avenue, Lowestoft.

The meeting was then adjourned and the Informal
Meeting declared open.
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NUllCEb OF BOOKS.

Coal and its Stimli/i,: Uses. By William A. Bone,
D.Sc, Ph.D., F.R.S. London, New York, Bombay,
Calcuua. and Madras: Longmans, Green, and Co.

igiS. Pp. XV-)- 491. Price 21s. net.

The author of this book, as Chairman of the British

Association Fuel Economy Commi'.lee in 191517, had
many opportunities of acquiring information relating to

various aspects of the coal question of the present day,

and is thus particularly well qualified to present an
authoritative account of the subject from the scientific and
technical points of view. Apart from this special quali-

fication he possesses a marked gift for clear exposition and
succinct summarising of the essentials of a subject, and
he is to be heartily congratulated U|<on having produced a

work of great and permanent scientific value, which gives

British industrial users of coal a means of obtaining the

most recent and reliable information upon the statistics,

chemistry, and technology of coal. The first part of the

book contains a chapter upon the importance of the coal

question to the welfare of the nation and empire, The
author's statements as to coal reserves, and their probable

duration, the ouiput per worker, ftc, demand very careful

and serious consideration, and in some respects are by no
means reassuring. The chapters on the chemical com-
position of coal give an admirable survey of modern work,
which the author has summaiised in a masterly manner,
bringing together trustworthy information from all sources

and explaining with great lucidity the underlying principles.

The seciions on the carbonisation industries are thoroughly

practical, as well as the chapters on domestic heating and
on fuel economy in steel works, where the author is

perhaps at his best. As a contribution to the literature of

industrial chemistry it may confidently be predicted that

the book will long be regarded as a model of compre-
hensiveness and judicious selection from a vast store of

material. The author exhibits great skill in arranging

his facts and summarising them, and users of coal owe
him a debt of gratitude for this admirable work.

Colour ill Relation to Chemical Constitution. By E. R
Watson, ^^A. (Cantab.), D.Sc. (Lond.). London,
New York, Bombay, Calcutta, and ^ladras : Longmans,
Green, and Co. 1918. Pp. xii + igy. Price 12s. 6d.

net.

A VAST amount of research woik on the causes of colour,

and its dependence upoi chemical constitution has been

done in this country, and up to the present time no com-
plete review of all the results obtained, here and abroad,

has been prepared. Hence this volume should be specially

acceptable to chemists who are engaged in the dyeing in-

dustries, and who require a general risiimi- of facts and
theories. The research worker in the region will find it

of the greatest possible value, showing him clearly the

exact state of out knowledge, and pointing out in what
directions work is wanted and what lines of investigation

may very possibly lead to fruitful results. While the

author has not attempted to review every research which
has been undertaken he has succeeded in summarising the

chief results which have been obtained in such a way as

to enable bis readers to follow the development of our

knowledge of the causes of colour as far as it has gone,

and the most important theories whfch have been put for-

ward are admirably discussed and criticised. In the first

chapter early observations aud theories are described, and
the value of the rules of Witt and Armstrong and Nietzki

as working guides is fully recognised. The quinonoid

theory and its modifications are then adequately discussed.

»nd general methods of studying absorption spectra are

treated fully. Many plates showing the absorption curves

of typical colouring matters are reproduced, after a short

account has been given of graphical method of repre-

senting results. In the later parts of the book modern
theories are well discussed, and a short account ia given
of the study of the infrared absorption spectra of organic
substances. In dealing with the colour and spectra of

inorganic substances the author warns his readers against

accepting the view that the colour of inorganic and
organic substances is due to dilistent causes, and he gives

a short general summary of the colours and absorption

spectra of the elements under ordinary conditions, and of

the absorption spectra of simple compounds in gaseous
form.

Chemical Combination among Metals. By Dr. MiCHELE
GiUA and Dr. Clara GiuaLollini. Translated by
Gilbert Wooding Robinson. London : J. and A.
Churchill. 1918. Pp xiv-f 337. Price 21s. net.

The great value of the method of thermal analysis is now
fully recognised, and the literature dealing with its appli-

cation to metallic systems has become so extensive that a

summary of it in English will certainly be acceptable to

inetallographists. The monograph opens with a general
r.ccount of equilibrium diagrams and a discussion of

the nature of inte.metaliic compounds, the work of con-
tinental investigators being perhaps given somewhat
undue prominence. The accurate study of the physical

properties of interinetallic compounds — conductivity,

specific heat, hardnes"., &c.— is then taken up, and finally

all the known compounds are described individually and
in detail. The facts included have been brought together
from many sources, and the value of a compilation of

them for English readers is at once obvious. The diagrams
of each compound are clearly printed, and the same
scheme has been adopted in the preparation of all of them.
.\ short chapter is added on the v/ork which has been done
nn ternary compounds.

Report of the Committee of the Privy Council for Scientific

and Industrial Research for the Year 1917-18. London :

H.M. Stationery Office. Price 4d. net.

The year ending July 31, igiS, saw a great extension of

the work of the Committee which is chronicled in this

Report. A National Fuel Research Station has been
erected at East Greenwich, and the Council has under-
taken the responsibility of the maintenance and develop-
ment of the National Physical Labotatcry. The Labora-
tory has been extended in order that it may undertake the

testing of the higher grades of chemical glass and the
testing of all clinical thermometers. The establishment
of a Food Investigation Board has been sanctioned, and a

series of special committees has been appointed to deal

with particular aspects of the subject. A Research Board
has also been established to continue and develop the re-

searches into the production of tin and tungsten in

Cornwall, and various important investigations have been
sanctioned, such as a series of tests of home grown
limber which, it is hoped, will af)ord useful guidance in

the reafforestation of the country. Satisfactory progress
has been made with the negotiations between the Depart-
ment and the industries of the country for the establish-

ment of industrial research associations. The scheme
described in the last Report has been found satisfactory in

all essential points and has required modification in detail

only. Grants have been made to various undertakings,

such as the British Scientific Instrument Research /Vssoci-

aiion, the British Photographic Research Association,

while conditional promises of grants have been made to the

British Cotton Industry Research Association and to the

future British Research Association for the Woollen and
Worsted Industry. The Report of the Advisory Council
i^ divided into two parts. '1 he first describes the progress

which has been made in the establishment of research

a •sociations;and (he steps that have been taken in the organi-

sation of national research. Departmental publications

are also enumerated, the work of ibe Standing Committee
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is referred to, and some account is given of the organi-

sation of research in the Dominions beyond the seas.

Som"; thirty industries are already actively engaged in pre-

liminary work for the establishment of Research Associa

tions, and Board of Trade Licences have already been

issued to three of these—the British Photographic Re-

search Association, the British Scientific Instrument

Research Association, and and tie British Wool Research

Association.

At the National Physical Laboratory researches on

optical glass have been carried out, and investigations of

heat transmission through hot surfaces, and the quality ol

oiliness in lubrication oils are in course of progress. The

Board of Trade is arranging for the transfer of their

Electrical Standards laboratory to the National Physical

Laboratory. The Director of the Fuel Research Board

has during the year continued to give advice to the

Admiralty and Ministry of Munitions in connection with

urgent war problems, and has set on foot an enquiry into

supplies of oil for naval, military, and industdal purposes.

He has also been supervising the experimental work neces-

sary to obtain data upon which to base advice to the

Board of Trade on the technical question of gas standards.

A representative has been appointed to make inquiries in

the United States on the use of coal-dust firing lor steam

boilers and furnaces, and grants have been made to the

Meteorological Office for work on atmospheric pollution

and to the Institution of Mining Engineers for their in

vestigations into atmospheric conditions in deep and hot

mines.
A Central Board has been appointed with various Sub

Committees to inquire into the preservation ol food by

coal storage, and experiments upon the freezing of fish are

being conducted at North Shields. The Meat Committee

has begun work upon processes of putrefaction, the

chemistry of post-mortem change in flesh, and the pre-

servation of beef by cold. The Ministry of Food has

also called upon the Board to assist them in connection

with the use of oils and lats. The appointment of a

responsible Director to organise a group of researches of

national importance assisted by an advisory board of men

of science and affairs has been fully justified by events,

and it may be regarded as certain that research work,

like other forms of creative activity, will not flourish under

committee rule.

A Tin and Tungsten Research Board has been appointed

to consider the possibilities of sucCESsful mining in Corn-

wall, and reports embodying the results of their researches

have been published from time to time. The first steps

have been taken to set on foot investifjations of artificial

processes lor diying timber, and improved methods of steri-

lising against timber diseases, and specimens of all limbers

felled for war purposes have been collected and indexed.

A research upon the suitability of building materials and

the construction of cottages has been begun, a special

Committee having been appointed to direct it. The Depart

ment has been consulted as to the desirability of initiating

a comprehensive investigation of industrial fatigue, and

the relation between the hours of work and output, and

has come to the conclusion that the best means of

approaching these problems is to establish a small central

Research Board, to be assisted by a panel of representa-

tive men and women from each of the industries to be

studied, who will join the Board as each trade in turn

comes under review. Such a Board has been appointed,

its object being:—"To consider and investigate the re-

lations of the hours of labour and of other conditions of

employment, including methods of work, to the produc-

tion of industrial fatigue, having regard both to industrial

efficiency and to the preservation of health among the

workers."
In Part II. of the Report some account is given of the

more important developments which have taken place in

the conduct of researches. The investigation of the

atmospheric corrosion of metals has been extended, and a

report upon the production of a marketable hard porchin

23

manufactured from British materials has been presented.

The problem appears to have been satisfactorily solved,

and it was decided to permit the recipes for the new body
and glaze to be communicated freely to firms who could
satisfy the Research Committee that they were likely 10

make bona fide use of the discovery. A preliminary

report has also been received upon a research into the

acoustics of the pianoforte. The new aided researches

include the investigation of insulating materials, and of in-

formation as to the phenomena of arcing and switching.

The policy ol making personal grants to students and
research workers has been carefully reviewed, and the

Council is of the opinion that it is not advisable to embody
their views iu detailed regulations for the award of re-

search fellowships and studentships, but to consider each
application individually and personally. They have not

yet considered it advisable to recommend any grants to

inventors.

The Report closes with a short discussion of the question

of the supply and salaries of trained scientific workers.

The proposed remedies for the deficiency of science

students are summarised, but it is pointed out that fat-

reaching educational reforms will have to be undertaken

in order to cope with the emergency—" the problem is

part of the wider problem of increasing rhe number of

university trained students in gene il, and cannot be

solved by measures conceived in the special interests of

science, or by reforms which affect one part of the

educational system while leaving tne other parts untouched.

CHEMICAL NOTICES FROM
SOURCES.

FOREIGN

Note.—All degrees of temperature are Centigrade unless otherwise
expressed.

Comptes Rendus Hebdomadaires des Seances de VAcademie
des Sciences. Vol. clxvii., No. 13, September 23, igi8.

This number contains no chemical matter.

No. 14, September 30, igi8.

Heterogeneity of Steel.—H. Le Chatelier and B.

Bogitch.—When polished steel is attacked by various

reagents such as dilute sulphuric acid, tincture of iodine,

and cupiic solution, the results are visible to the naked eye,

and the authors have made a study of this macrographic

method of revealing the heterogeneity of steel. The
quality of steel is directly related to this macrographic
heterogeneity, which appears to be due to the presence of

oxygen in solid solution. It has long been known that

oxygen is present in the fused metal, undoubtedly as

FeO, and at the moment of solidification it is supposed to

become separated from the metal. However, some of it

appears to remain in solid solution, not uniformly dis-

tributed, for the parts of the steel which solidify last

would be richest in oxygen.

No. 15, October 7, igiS. No. 16, October 14, igiS.

These numbers contain no chemical matter.

MISCELLANEOUS.

The Constitution of Acetic Acid.—The vapour of

acetic acid at 1^5° C. has a density of 301, at 300° C. it

is 2'o8. The most natural assumption, one that is borne
out by facts, is that at the lower temperature 50 per cent

of the vapour has a molecular formula

—

CH3.C.O.OH
I I

CH, CrO.OH
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the density at 3(10 corresponding to CH3.COOH. The
specific heat 01 acetic acid vapaur taken as o.) would in-

dicate an absorption per grm. -molecule of o,( X 165 X 60 ;

i.e., 3 q6o cals. through the range of temperature in which
ihis change takes place, and corroborates conclusions

(Chemical News. Jan., igofe) drawn for a carbon atom
changing from a single to a double linking as in the

simpler formula HiC C„,,. These conclusions, drawn

from a comparison of heats of formation, justify the

above formula, as does the specific heat. The double

formula lendiig itself to a possibility of stereoisomerism

there may be quoted a divergence in the determinations ot

the boiling point, the slight alkalinity of the normal

sodium salt, whilst the calcium salt is neutral, and hence

slight diflercnces in titcating with caustic soda or lime-

water. Also acetic acid of the maximum density takes

place with a union of 677 parts of acid and 18 ot water

;

W'th a hydrate, C2H4O.HJO, it would be in the ratio

60; iS, and isomers might di^sociate variably. Acetic

anhydride has a density almost identical with the maxi-

mum for acetic acid, hence the possible persistence of the
/-'IT PO

double Structure of acetic anhydride, rpj^—CO^*^' '" '''^

molecule of acetic acid.—J. C. Thomli.nso.n', B.Sc.

Faraday Society.—A General Discussion on " The
Theory of loii-sation" will be hsld on Tuesday, January

21, igiQ. ftoni 5 to 6.30 p.m. and from 8 to 10 p.m., in the

Rooms of the Chemical Society, Burlington House,

London, W. i.

Sir J. J. Thomson, P.R.S., will preside over the

Discussion.

Prof. G. Senter, D.Sc, will open the Discussion.

Prof. S. Arrbenius fStockholm), will contribute a paper

on "The lividence for Electrolytic D.ssociaiion.''

Prof. S. F. .\cree (Syracuse, U.S.A.), will contribute a

paper on " Some Investigations bearing on the

Pitsent P.isition of the Theory of lonisation."

Capt. J. W. MiBiin, Pn.D. (Bristol), will read a paper

on "Some Fundamental Pioblems of the Dissocia-

tion Theory in .Xqueous and Non-aqueous Solutions."

Mr. W. R. Bousfield, M.A., K.C., F.R.S., will read the

following papers:—"On Correction of the Trans-

port Numbers for Combined Water"; "On the

Determination of the lonisation of Aqueous
Solutions."

Dr. N. R Dhar (P.ris) will read a paper entitled "Some
Aspects of the Electrolytic Dissociation Theory."

Dr. Henry J. S. Sand (S r John Cass Technical In-

stitute) will read a paper on "The Hydration of

Ions."

Prof. Albert W. Porter, D.Sc, F.R.S,, will read a paper

on " The Variation of Electric Conductivity of

Solutions with Concentration."

Dr. E. B. R. Prideaux (Nottingham) will read a paper

on " Pyridine and Ammonia— Estimation and

Separation."

Cspt. J. R. Paitington, R.E., D.Sc., will read a paper

on '• The Dilution Law."
Dr. H. M. Dawson (Leeds), Prof. A. Lapwotth, F.R.S.

(Manchester), Dt. S. R. Milner (Sheffield), Prof.

J. C. Philip, O B.E,, Prof. James Walker, F.R S

(Edinburgh), will contribute to the Discussion.

The subject will alterwardsbe open for general discussion.

Determination of Coco-butter in Butter.—Chr.

Uarthel and Klas Soudea.—The authors have made a

careful study of the following processes for determining

coco butter in butter— therefractometet method, the deter-

mination of the Polenske index (in conjunction with th;

R-ichert-Meissl index), and the determination of the

melting point of the acetate of phytcsterine by Bomet's

method. They find that the determination by means of

the refractometer can be carried out very rapidly and

easily, and is useful for determining relative quantities.

It is not wise, however, to place too much reliance upon

it, although it may be regarded as a preliminary method
for enabling samples to be classified as those which ate
certainly not adulterated and those which may be sus-

pected. .\ scries of determinations carried out at 40^ gave
lor jy summer specimens numbers varying fiom 42 () lo

45"I, with a mean of 43 8 ; for 16 winter specimens 415
to 442, with a mesn of 42 S. Nineteen specimens of pure
coco-butter gave results lying between 33-5 and 35'G.

When .samples of genuine butler 10 which had been ridded 5,

10, and 15 per cent of coco-butter were tested it was found
that no conclusions as to their purity could be drawn fiom
determinations of thtit indices of refraction. From 20 per
cent of coco-butter the index begins to show deviations, but
no definite limit can oe stated below which the biitter may
be classed as adulterated. Pure butters may give indices
between 40 and 41, and mixtures of pure butter and cocn-
buttsr may give numbers between 43 and 44. It may,
however, be said that in general an indtx below 42 renders
a further examination nectssary, while an index between
42 and 44 does not exclude the possibility of adulteration.
Oleomargarine gives indices between 48 and 49 at 40=", and
the addition of it to a specimen of pure butter raises the
index. The authors found for the Polenske index
nuinbeis between 17 and3 '4, while the Reichert-Meissl
ndtx lay between 25 7 and 312. Generally speaking,
Polenskc's method reveals in a specimen an addition of

5 per cent of coco-butter, but when the cows have been
fed upon coconut cake or beetroot leaves the Polenske
index is abnormally raised, and thus setious errors may
arise. Bomer's method for determining a vegetable in

presence of an animal fat is less convenient than that of

Polenske, but the results are reliable. The authors have
determined the melting-points of cholesteiine acetate,

crystallised four times, with 25 samples of pure butter,

and the results lay between 113° and 1159-. With
specimens containing 5 per cent of vegetable fat half of
them gave melting points below 116'; with 10 per cent
all the melting-points were above 116", while in two cases
out if S'x it exceeded 117^, and above that limit the
sp'.cimen might dcfin tely be stated to be adulterated.—

•

Monileur Scientifique, igiS, 924, p. 26S.

NOTES AND QUERIES.

Composition of Match Heads —The heads of ordinary matches,
which will strike anywhere, usually contaia phosphorus sulphide
mi.xcd with some oxidising a?eit, such as potassium chlorate, red
lead, lVc The heads of safeiy matches may be made of—Potassium
chUiraie, 32 per cent

;
potassium dichromate, 12 per cent ; red lead, 32

p:r cent ; antimony sulphide, 24 per cent. The rubbing surface lon-
sists of a mixture of almost equal parts of red phosphorus and anti-
mony sulphide.

Calcium Carbide —The following arc some books dealing wi h
the manLfacture of calcium carbide —"Calc-um Carbide and Acety-
lene." by F. H. Leeds at d W. A. Buttci field; " L'.Vctitylcne et ses
Afplications," by F. Dommer; "Acetylene," by V. B. Lewes. A
German periodical, C>i>6i./ unt Acet'.Un,x>\.\h\\s\\QA byJ.H. Vogel,
Berlin, is devoted to the manufacture of carbide and acetylene, and a
complete list of articles and jiapevs on the subj' ct is piven in Ludwig's
" I'^uhrer durch di*^ Gesamte Calcium-ca b-d und Acetylen.Liieratur,"
Berlin.

Phosphate of Soda.-Sodium phosphate is v-sed in medicine fo,
makiiii^ Sodii phosplms effetve<.ft:n% and Sotiii hrpnphosphis Tribasi
sodium piicsphate is used largely for water softening and for preC
ventiog the formation of incrustations in bailers.

MEETINGS FOR THE WEEK.

Tuesday, 14th.—Roval Institution, 3. " Lessons of the War," by
Prof. Spenser Wilkinson.

Wednesday, 15th.—Royal Society of Arts, 4.30. "English Carpets,"
by A. F. Kendrick.

Society of Glass Techrology, 3.15. (In the School
of Technology, Manchester). "Costing Sys-
tems in Glass Works," by J. Mills.

Thtrsday, 16th.—Royal Institution, ?. "Chemical Studiesof Oriental
Porcelain," by Prof. J. Norman Collie.

Royal Society of Arts, 430. "Coal and Mineral
Traffic on the Indian Railways," by H. Kehvay-
Damber, M.V.O.

Friday, 17th.—Royal Institution, 5.30 " Liquid Air and the War,"
by Prof. Sir James Dewar.

S.\n.RDAY, i8th.—Royal Institution, 3 "The Irish Literary- Renais
sance," by Rev. Canon J. O. Hannay,
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SCIENCE AND THE FUTURE.'

By ALAN A CAMPBELL SWINTON,
F.R.S., M.lnst.C.E., M.LE E , M.I.Mech E.

Your Council having done me the honour of electing me
for a second term of office as their Ch lirman, it is my
duty once more to deliver to you an Address on the

occasion of the opening of this new session. Last year,

in speakmg to you of Science and its Functions, I

endeavoured, by means of a rapid sketch of its origins

and its progress in the past, and by some considerations

of its scope and effects in the present, to show how im-

portant science is, and how largely mankind is dependent

upon it for our modern civilisation.

This year I propose to advance a step farther, and

perhaps with more daring than prudence, to consider

some aspects of Science and the Future, together with

what we may possibly expect, j jst in one or two directions,

in the days that are still to come.

A matter which we now see constantly referred to, in

every newspaper and by many public speakers, is what is

known as reconstruction— that is to say, the putting of

our affairs in order after the finish of the war. Now,

undoubtedly the war has been responsible for an enormous

amount of destruction of capital ; but when estimates are

given, as they constantly are given, of the percentage of

loss in Belgium, France, Italy, Serbia, and other

countries, it is not usually borne in mind that Capital does

not merely consist of gold and silver, of bricks and

mortar, of furniture and fitments, or even of railways,

steamships, and machinery—mostly things that in process

of time fall into decay—that the main Capital of the

modern world does not consist of the concrete construc-

tions of labourer of materia! things at all, JUt of scientific

knowledge. If v/e could imagine such a catastrophe as

destruction, on the scale that has recently taken place in

the fighting zones, spread over the whoie civilised world,

60 that nothing was left anywhere at all of the material

handiwork of the past few hundreds of years, this would not

necessarily mean the relapse of mankind in general to the

savage state of our prehistoric ancestors, who liied before

the a^ccumulation of our present priceless scientific know-

ledge had even begun. That this is so we see clearly

from the lessons of the past. For thousands of years the

manual labourer has been at work, and untold have been

the products of his toil. How many of these products,

however, have come down to the present day ? Where

are now the splendid constructions, the magnificent

buildings, the costly and varied manufactures, of ancient

Babylon, Egypt, Greece, and Rome ? A few scattered

fragments, of a purely antiquarian interest, but of no

utilitarian value, are all that are left. Tjpe greater portion

have entirely disappeared. But not so the products of the

ancient mind. These to a large extent still endure. For

all of our industries, all our arts and crafts, and all our

sciences have their roots in the distant past. Some know-

ledge of importance may, in the crash of empires and the

great social convulsions that have taken place, have been

lost or forgotten, but comparatively not much ;
while,

owing to the invention of printing, and the consequent

easy manipulation of records, this is never likely to

happen again, at any rate on any considerable scale.

Thus to reconstruct the material things now temporarily

• An Address delivered at the opening meeting of the i65lh Session

of the Royal Society of Arts on November 30, giS From the

Jourital 01 the Royal Society of Arts.

destroyed will take only a very small fraction of the

labour that had to be expended, or of the centuries of

time that had to pass, while, by slow degrees and arduous

effort, man learnt how to bring all these things about.

For the mere construction of the material paraphernalia

of civilisation is in value as nothing to the knowledge of

how to construct them. Taking this into consideration,

we recognise the fallacy of the socialist's doctrine that

all wealth is due to manual labour, and we see how little

of the capital of the world is really due to mere handi-

work, however skilled, and how much to the mental

efforts of exceptional men, who through countless genera:

tions, by their investigations, discoveries, and inventions,

have rendered possible all our wonderful possessions.

vVhen, therefore, we compile estimates of the losses due

to the war let us not forget that our greatest asset, the

vast store of knowledge that science has gathtred to-

gether, for us the heirs of all the ages, is still intact. It

is a store that has slowly been accumulating ever since

the beginning of the world, a store which enables man
more and more to triumph over Nature, and one that foi

ever remains practically indestructible as the real per-

manent capital of the race, and by far its most precious

heritage.

Now, though the devastation due to the war will in

time be readily enough repaired, and this without any

call for new scientific invention or d-«coveiy, it is othtr-

wise with the general future. Though the doctrine of

Malthus— that whilst the population increases in geo-

metrical ratio, the supply of food only increases in

arithmetical ratio— is now discredited, the war in fact has

shown us how nearly the world lives up to its supply of

food and other necessaries, and how disturbances, such as

those that the war has occasioned, may lead to the disap-

pearance of the little margin that there is. Were it not

for the aid that Science already affords to agriculture -in

mechanical means of cultivation, and in methods of

irrigation, fertilisation, and the like, together with facili-

ties as regards transport and countless other matters—

neither a country like this, nor the whole earth, could even

now support their present populations ; whilst in the future,

as human beings increase still further, the stress will bs

accentuated. It is stated in no less reliable a handbook

than Wkitakers Almanack, that " it has been estimated

that the earth can maintain a population of 6,000,000,000

suuls a total which will be reached about a.d. 2100 at the

present rate of increase." I have been unable to obtain

the foundation for this statement, but if it is correct the

urgency of the matter is obvious, more pressing indeed

than the question of the exhaustion of our coal that is so

often mentioned, and with regard to which I shall have

something to say later on. For if once the stage were

reached where the population increased more rapidly

than the means of its sustenance, than either by

famine or by reduction in the reproductivity of the race,

addition to the population would have to be checked, and

it is difficult fo believe that either Leagues of Nations or

anything else would have the power to prevent conflicts

between peoples struggling in dire necessity for the vital

means of existence. Such conflicts have no doubt taken

place locally in the past history of our globe, and it is for

Science to prevent or to delay as long as possible, if it cannot

eventually preclude, the world-wide repetition of such

disasters. Anyway, whether we are dealing with present-

time requirements or with those that are more remote, the

shortage of the necessaries of lile and of civilisation that

is bound to grow in extent, vis avis of the increase of the

population of the world, can only be met by new achieve-

ments in the way of scientific discovery and invention, and

by improved and more scientific organisation.

As time goes on all industries must tend to become

more intricate and elaborate, and more and more depen-

dent for success, on the one hand upon the skilful

management of the specially trained, and on the other

upon the general mass of the workers intelligenlly and

cheerfully submitting to the technical direction of minds
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moie gifted than theit own. This applies lo the educated

workers aa well ae to thoi^e who are uneducated.

Luckily the need for scientific brain<( is at last becoming
recognised by every class, even by the Labour Party, and

we are not now likely to see, at any rate in any civilised

country, a recurrence of the altitude of the revolutionists

of 17Q4, who sent the great Lavoisier to the scaffold with

the gibe that the Kepublic bad no need for chemists.

Thus in the future, i( the industries of this country are

to tlourish in the face of the world » competition, it is

above all things necessary that Science should play a

greater part in them than it has in the past. In most
departments of industry the old rules of thumb are

obsolete, and if they have not already been superseded

the sooner that they go the better. The moce n wor d has

no room for antiquated and unscientilic methods. But in

arriving at the conditions that are desirable, manu-
(acturars will require all the help they can get, and

especially they should be able to look for assistance from

the Government of the couniry. Much in this direction

ia, it is satisfactory to know, already under way. The
National Pnysical Laboratory, which, under the direction

of Sir Richard Glazebrook. to whom our Society has this

year awarded its Albert Medal, is doing a great work in

assisting technical industry. L'ntil recently it has been

carried on at the risk oi the Royal Society, but is now to

be guaranteed its requisite finance from Treasury sources.

Similarly the Advisory Council has been furnished by the

State with funds with which, in combination with manu
tacturers. Research Associations are being instituted for the

purpose of carrying out scientific investigations useful to

the needs of diflerent descriptions of manufacturing trades.

All this is in the tight direction and will, it is to be hoped,

be increased so as to operate on a still larger scale.

Whatever sums, however large, the Government can be

induced to spend in thus promoting the applications of

Science to industry, provided the expenditure is wisely

directed, will quickly repiy themselves many times over

by the increase of prosperity that they are certain to bring

about. At the same time let us beware of Government
control, which in the long run is sure to result in political

inletterence, and consequent disaster. All experience

goes to prove this, and not least the experience that has

been gained during the past four years of war. Here, no
doubt, under the spell of patriotic enthusiasm, and owing
largely to the self sacrifice of hundreds of our best brains,

almost incredible things have been accomplished in the

huge munition factories that have been organised by the

State. The cost, however, has been prodigious, as also

the waste, and while such procedure is justitied in order

to meet the exigencies of war, in times of peace such
arrangements could never prove economic, or stand for a

moment the test of competition from other industrial

countries. Whatever may be possible under war condi

tions, in ordinary times the incentive of personal gain

cannot be dispensed with, while it is idle to compare pro-

duction, on the scale and under the conditions that have
recently obtained in munition factories, with what can be

looked for under ordinary trade conditions, where the

expenses of finding and keeping markets—expenses that

do not exist in the case of (iovernment war contracts

—

have to be met. Moreover, while opinion is unanimous
in advocating the advantages to be gained by the State

doing all it can to stimulate and encourage the application

of Science to industry, it is only necessaiy to consult the

manufacturers of the country, who have had experience

during the last few years ot (ioveinment control, to obtain

equally convincing evidence of the petrifying and sterilising

effect of the latter, and how it hampers and, indeed, tends

to kill enterprise at every turn. Time does not a\'ail here

to analyse the reasons, but tven the most experienced and
capable of business men seem to become paralysed both

IB regards initiative and as regards getting things done,

when once caught in the tentacles of the bureaucratic

machine. Hence when one sees advocated in the I'ress,

as has recently been ihe case, that certain key industries

should be safeguarded by being placed under Government
control, one can only hope that no such mischievous
advice will ever be followed. I'v all means let there be

Government assistance, but the less Government control

the better.

Now to turn 10 a dilferent subject. " 1! instead of a

little smattering of I atin, which the children of the

common people are sometimes taught . . . and which
can scarce ever be of any use to them, they were in-

structed in the elemeniaiy parts of geometry and
mechanics, the literary education of this rank of people

would perhaps be as complete as it can be." Thus wrote
.•\dam Smith in his " Wealth of Nations," and he proceeds
to recommend the "instituting some sort of probation

e\en in the higher and more difficult sciences to be under-
gone by e\'eiy pcison b.;fcre he was permitted to exercise

any liberal profession, and before he could be received as

a candidate for any honourable office of tru~i or profit."

This was written nearly a century and a half ago, and
the controversy of Science versus the Classics is still with

us. It is a final phase of the old controversy in connection
with authority, chiefly the authority of Atistotle, but also

ol the Church, which did so much to impede the progress

of Science throughout the Middle .'Vges. It is largely

bound up with the matter of the subjects set in examina-
tions, and dependent up.on the vested interests of teacheis

and examiners, who, having themselves been brought up
upon the Classics and knowing little or nothing ol Science,
are naturally disposed, in self defence, if for no other
reason, to inculcate the shoeniakei's maxim that there is

nothing like leather. Signs are, howtvcr, now not

wanting that at length the claims of Science in education
ate beginning to be recognised. The lessons ot the war
and the visions ot industrial competition, keener than ever,

that are already presenting themselves, are having their

effect. Just as at the present day it is difficult for us to

understand how the dictates ol classical authority some
hundreds of years ago put a bar to scientific investigation,

so in the future it will be considered almost incredible that

up to the second decade of the twentieth century the

learning of dead languages and the study of their dry
bones was considered a better preparation for an active

career than the pursuit of living science, with all its

practical application and its insight into the wonderful
world in which we live. In putting forward, however, the

advantages lor all and sundry of a scientific eduiation, far

be it from me to decry the study of classical literature as

a relaxation, or even as a serious occupation, for the

minds that are naturally drawn that way. By all means
let us have a few great Classicists, just as ha\'e a few
real poets, though we can do without the smaller fry in

both spheres. But lor the ordinary person who wishes to

refresh himself with the heroic epics of Homer or of

Virgil, the subtleties of Plato, or the graceful fancies and
the delicate diction of the Greek Anthology, let him do
here what he already does, ceitainly with no loss, in the

case of Holy Writ, and read Ihe translations that have
been made by the great masters, which are assuredly
much better than any he is ever likely to produce for him-
self. Nor, indeed, must I be supposed to depreciate Ihe

teaching of hisfftry or of foreign languages, and especially

of our own— all matters of great importance even to the

man who proposes to devote himself to a purely scientific

career. For what I presume is intended to be Ihe object
of general modern education is first of all to impart such
a knowledge to the average boy as will fit him to be a

good citizen, and secondly to give everyone, in whatsoever
station of life he may be born, the opportunity of develop-
ment ; in the early stages to the best extent of which he
is capable, with proper chances and encouragements for

the future later on, should he give promise of exceptional
ability in any direction. The history of Science in the
pist is largely made up of the lives of men who
were self-tauglit, but the groundwork of most sciences is

daily becoming more inliicate and abstruse, and con-
sequently more difficult to acquire. What is necessary is
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the teaching of this groundwork, a.U tiuii opportunity for

expmsion. \Vi kno.v, as I havj said, of many instances

of great scientists who were self-taught, but \vi l<now

nothing of the others who might hi\e been their equals

had they ever, by a litile rudimentary teaching, been

started on the scientific road. .-Vs has been well said,

" The literature of Science might have been quite different

if Faraday had missed the unique opportunity afforded

him by Davy at the fioyal Institution. How many
Faradays have remained mute and inglorious because

doors were closed ?
'

Tnere is one method of acquiring a scientific education

to which, in my opinion, not nearly enough attention is

paid. I refer to the private reading of technical books
and of peiiodic scientific literature. In the past many of

our leading scientific men have owed their education

almost entirely to this method. Faraday was a book
binder's apprentice, and obtained his first introduction to

Science by reading the books that were sent to his

employer to be bound. The first Lord Armstrong, who
was the mventor of the hydraulic method of transmitting

and utilising power, and was also the father of modern
gunnery, had no advantage in the way of scientific

teaching, and, as he he himself once told me, acquired his

early knowledge of Science almost entirely by reading.

Other distinguished scientists and inventors who educated
themselves in this way were the Scotchman, Alexander
Graham Bell, who has received the Albert Medal of this

Society for his invention of the telephone, and Thomas
Alva Edison, the renowned American inventor, who also

has received the Albert Medal for the invention of the

phonograph, and who, when a lad, was so voracious a

reader that he is said to have started to read the
" Encyclopxiia Britannica " right through from end to

end, though history does not relate how far he got with

this ambitious project. There have also been many others

who never had the advantage of any scientific teaching

either at school or college, and yet achieved great dis-

tinction. No doubt these were exceptional men, but how
many more such might there not be if greater facilities

existed. It is not within the powei of many young men
to buy books to any great extent, and scientific literature

Is not only expensive but is notoriously ephemeral,

becoming rapidly obsolete and comparatively valueless.

Most of the large scientific libraries such as are possessed

by the various engineering institutions and other scientific

societies are only accessible to their members, who have

to pay heavy subscriptions, and even then only during

hours which to a large extent preclude their use by those

who have to earn iheir livelihood, and have therefore little

time but the evenings available for reading. Such
libraries, moreover, only exist in London and in a few of

the large towns. No doubt the war scarcity of persons

suitable as attendants is in pait responsible, and makes
any change at the present time very difficult, but I am
convinced that wheneN-er possible these libraries should be

kept open on Saturday afternoons and in the evenings.

Indeed, if necessary it would be much more useful to keep

them open till, say. ten o'clock at night even if this ne-

cessitated their not opening at all till after mid-day. I

put this forward from the actual experience of students,

members of some of our leading engineering institutions,

who complain that their libraries are useless to them as

they are only open at hours when they are perforce other-

wise engaged. I am sure that some improvement is

possible, at any rate alter the war, in this respect ; but

what I am anxious particularly to pat forward is the de

sicability of the establishment of lending libraries from

which all the latest scientific works could be obtained

under suitable arrangements. The Institution of Electrical

Engineers has of recent years instituted such a lending

scientific library, but only to its own members and on a

coinparalively small seal; ; but, of course, to be of any

wide use such an arrangement must be on a large scale

and throughout the country. It is suggested that some-

thing mote in this direction might be done by the Patent

Oilicc, svho have latg:: lunJs available entucly derived
from the fees paid to them by inventors. No doubt the
Patent Office already provides a splendid library in London
to which the public are freely admitted, but this might oe
supplemented by additional similar libraries, in all our
large towns, with facilities for lending the books out by
means of a special free postal service, on a system em-
bracing the whole country. Anyway, what is wanted is

to encourage self-education in scientific and technical
subj sets, so that those who have not the time or the oppor-
tunity to attend classes and lectures, or even to frequent
libraries, where reading can only take place in situ, can
improve their knowledge by reading at home in their

spate time. It is impossible also to exaggerate the utility

of public or semi public lectures on scientific and technical
subjects in spreading knowledge in these subjects and
stimulating curiosity, thought, and also invention.
Throughout its long existence the activity of the Royal
Siciety of Arts in this direction is well known, and must
have had a profound and wide-spread elfect, not only
on those who have been able to enjoy the advantage of

attending the lectures, many of them by the highest
authorities in their vaiious spheres, but also of reading
accounts of them in the Jouynal. In our case the object
and the achievement have mainly be"n of a t:ebnical
nature, applied rather than pure science being what this

Sjciety has chiefly in view. In pure science the lectures

at the Royal Institution have undoubtedly been a stimulus
to thousands, and the same may be said of the lectures in

all the philosophical and scientific societies throughout the
country. The ultra erudite are sometimes rather inclined
to sneer at such lecturers as popular and superficial, but it

is exactly by such popular lectures that general interest in

Science can be roused, rather than by the dryer and more
strictly scientific dissertations that we expect at profes-

Hional, scholastic, and university institutions.

(To be continued).

WATER SOFTENING.
By E. V. CHAMBERS.

TiiL textile industries in the Noith of Eogland owe theit

success in a large measure to the ample supplies of upland
surface water. Such water has a very low degree of

hardness, contains but little suspended solids, and up to

the present has been freely available in unlimited
quantities. The probability is that this water would be
even more suitable for textile requirements were it not
for the fact that a portion of the water is used for domestic
purposes. Untreated upland surface water has been
found to exert a chemical action on the lead service pipes
supplying domestic dwellings, so that lead poisoning has
been prevalent from time to time. To avert this difficulty

it has been the practice to treat the water with limestone

and other substances with a view to neutralising the acids

which attack the lead pipe, and, as a consequence, the

water as delivered to a textile manufactory is somewhat
harder than before treatment. Notwithstanding this,

however, it may be considered a very suitable and satis-

factory water.

There are two objections to the general use of upland
surface supplies: — (r) Comparatively high cost; {1)

growing shortage of supplies.

Speaking with regard to its cost, it will be conceded
that if an equally suitable water can be obtained at some-
thing less than half the cost ot Corporation water, the

Utter bec:)mes dear by comparison, and there is no
question that a softened water can be obtained at much
less cost than that taken from the public supply.

As to the growing shortage of upland surface supnlies,

Dr. Wilson, of the West Riding of N'orkshire Rivera

Board, at a meeting in Iluddetsfield of the Textile Insli.
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ute, drew attention to the fact that the ^boitage of upland
suilace water would shortly become a very serious matter
for the industries of the West Riding. He stated that

owing to the many new industries now being established

in the Kiding, with a consequential increase in the popu-
lation, very careful consideration of the water supplies

available was essential. He made toany useful sug-

gestions and also outlined a constructive policy of water
conservation, more particularly in the nature of the

purification of waters which had been once used in

textile and other processes. His statements should be

carefully considered by anyone engaged in the textile and
allied industries.

It oiten happens that for one reason or another Corpora-

tion water must be substituted by another supply, and
from another source. Difficulties may then arise, such
as tho^e described by Mr. Kmg in the previous paper, and
83 far as our knowledge and experience go, the only way
out of tiie difficulties referred to is in the direction of the

installation of a water softener.

It thi:n becomes a question as to the selection of a water
EOfteiiing plant, and whether such a plant can eradicate

the difficulties brought about by the use of a more or less

impure water.

Water softening is a chemical operation, and therefore

factors of proportion, time, and teniperattire apply as in

other chemical reactions. These facts cannot be too well

known. Out of a varied practical experience one learns

at least as much about the difficulties of water softening

as one does of its advantages. Many of these difliculties

can be avoided by selecting the right type of plant for the

work required of it, and when the water to be treated

exceeds a moderate hardness the lime and soda type of

apparatus is a necessity. This type of plant when pro
perly designed and with dui; attention will give satis-

factory results. It will produce a water which will

satisfactorily replace the Corporation supply in most
cases, while the actual cost of the soft water may be only

one-fifth of that of Corporation supply. There are two
general types of lime-soda water softening plants

—the intermittent and the continuous types. The
intermittent type possesses several advantages. This
plant usually consists of two large tanks, each tank
holding at least four hours' supply of water. The pro-

cess works intermittently, so that when one tank of water
is being softened the other tank is being filled with hard
water. The volume of water in the tank is known, and
10 this measured volume of water of known hardness a

weighed quantity of lime and soda is added—the lime in

the form of milk of lime and the soda in solution form.
The contents of the tank are then thoroughly mixed and
allowed to settle. After a certain time the calcium and
magnesium compounds are precipitated, settling to the

bottom ot the tank, when the clear softened water may
be drawn oR for direct use, or into a store tank. The
precipitated solids are drawn off by an outlet in the
bottom of the tank.

Owing to the great facilities for control this is probably
the most exact method of water softening, and with an
ordinary hard water practically the whole of the hardness-
forming salts can be removed, and the softened water
contains the minimum excess of lime and soda. In a

works where there is suflicient room for the tanks, and
when the first cost of the plant is not of importance, it

is doubtful whether any process can give more satis-

factory results.

The continuous process of water softening has for cer-

tain reasons received more attention than the intermittent

process. This is mainly due to the fact that the plant

occupies less room and requires less attention than in tho-

intermittent system.

I3y the latter process, working on a four hours' cycle, a

plant to deal with 5000 gallons of water per hour would
require a total capacity of .(O.oso gallons. On the other
hand, a continuous plant of the same capacity would
not requite a tank capacity greater than 15,000 gallons,

To work successfully a continuous plant must meet the
following conditions :

—

1. The lime and soda control system must work
accurately.

2. The tank capacity must be large enough to enable
the chemical reaction to complete itself fully.

3. The lime and magnesia sludge must be easily

removed from the plant.

There exist many types of continuous plant, a good
example of which is ni-w to be described. This plant was
designed to deal with 5000 gallons of water per hour.
The capacity of the tank is 15,000 gallons, and its dimen-
sions 3 ) ft. high by 10 ft. diameter.
Lime and soda sufficient for one day's charge are placed

respectively into the reagent mixing tank and the lime
slaking tank. After being mixed witb water the lime and
soda solutions are elevated by steam ejectors to the top
of the plant. The soda enters the reagent reserve tank
and is fed from there by a ball valve into the reagent feed
tank, where it is kept at a constant level. The milk of

lime gravitates by the central pipe into the bottom of the

lime saturator. The haid water is pumped into the hard-
water receiving tank and flows through two slot pipes,

one to the lime saturator and one to the main treatment
tank ; the sljt pipe controlling the leed of the lime
saturator is adjustable and is set to displace the exact
amount of lime required for the treatment which is fed

into the main treatment tank, at one constant strength,

being in the form of a saturated solution of lime. Should
the flow of hard water vary, its level will rise or fall in

the hard water receiving tank, thus passing more or less

water through the slot to the lime saturator. At the same
lime the flo.^t in the hard water receiving tank will rise

or fall, actuating the lever and dipping another slot pipe

more or less into the soda. The soda slot pipe is also

adjustable, and is set to feed the exact quantity of soda
required to treat the bard water. The litre and soda thus
apportioned are thoroughly mixed with the bard water in

the central tube of the main clearing tank, down which
the mixture gravitates. The treated water then enters

the main clearing tank, where ample time is allowed for

the chemical reaction to complete itself. The cleared
water passes ^-lowly upwards through the wood fibre filter

when the water is ready for use. The precipitated hard-
ness-forming salts are drawn off by the sludge valve at

the bottom of the tank, which has a conical bottom with
an angle of 60^ to facilitate the removal of all the sludge.

The spent lime in the saturator is also drawn oil in a
similar manner once a day.

It will be seen by the foregoing description that the
only moving parts on the whole ot the plant are the lever

which is actuated by the float, and the ball valve which
controls the soda level in the reagent feed tank. There is

therefore little to wear out or get out of order. The
reagent feed apparatus works accurately and produces a
soft water of very uniform nature.

This apparatus described can reduce a water having a
total hardness of 26° down to 25'^ without imparting to

the softened water any appreciable excess of alkalinity.

The softened water is just a little lower than that of the
Corporation supply of the district. The total cost of the
softened water, alter making all due allowances, does not
exceed 2^d. per luoo, the lime and soda being based on
prewar prices.

The statement frequently made—that a softened water
may be used lor any purpose—requires some qualification.

Such a water is at times apt to contain an excess of

softening materials, cither in the form of sodium car-

bonate or sodium hydrate. Below a certain point this

excess may be disregarded in the operations of scouring,
washing, or steam raising.

In the process of dyeing, however, even a s ight excess
of alkalinity may cause serious trouble and particularly

so when the alkalinity varies for any reason. In wool
dyeing many of the dyeatulTs require an acid bath ; with
a neutral water tbc exact quantity of acid can be delet-
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mined, and even though the water contains considerable

hardness no serious difficulty is experienced. When the

water contains a varying quantity of alkaline salts it

becomes practically impossible to determine the quantity

of 2cid necessary, and the result may be that the dye is

not taken up by the wool or that several dyeings of the

same kiud vary considerably in depth. Great care and
consideration should be given to this matter before deciding

to use softened water for dyeing purpose. In cotton dyeing

similar difficulties may be experienced when dealing with

basic dyes.

Another difficulty sometimes experienced when using a

softened water is that of the deposition of suspended
precipitate in the works service pipes, in store tanks,

and about the steam nozzle ol the injector for

boiler feed. This defect is usually due to the main
clearing tank of the water softener being of too small a

capacity for its output of softened water, when, as a con-

sequence, the chemical reaction is not completed in the

water softener, and calcium or magnesium salts are

grsdually precipitated in the pipe system through the

works. This defect is sometimes the cause of the heavy
Incrustation which forms in economlser pipes, where
owing to increased temperature the chemical reaction is

accelerated. The oily remedy is to increase the water

softening tank capacity or alternatively to reduce the

quantity of water to be softened.

The working of a water softening plant should be

checked daily, and a daily record kept of the results

obtained. Any qian of average intelligence, with the

assistance of a simple set of chemical apparatus, can

carry out the tests. The daily record should show

—

1. Temporary and permanent hardness of raw water

;

2. Hardness of softened water ;

3. Alkalinity 0! softened water as sodium carbonate or

sodium hydrate.

With these results it becomes possible to understand
intelligibly the results of the softening operation, and,

when necessary, to vary the chemical treatment.

Any type of water softening apparatus must be adjusted

to a variation in hardness of the raw water. Even in

those types of plant where the water passes through a

bed of softening material the time-capacity of the softening

medium is reduced in ratio as the hardness of the raw
water increases.

The question of the conservation of water supplies will

become very important in the near future. There is

certainly much good water wasted in the textile and

allied industries. It is well known that in piece scouring

and in washingoff after dyeing a large quantity of water

is wasted. This water is only slightly contaminated with

impurities, and a very simple chemical treatment is suffi-

cent to render the water suitable for almost any purpose

in a textile factory.

A water purification plant may be installed for dealing

with the wash water from piece scouring. This consists

mainly of two large precipitation and filtration tanks, and
an automatic reagent feed apparatus, with the necessary

reagent preparing tanks at ground level. The wash water

from the scouring machines is allowed to pass through a

special screen for the removal of fibre. It is then pumped
from a large receiving tank into the softening tanks shown.

It enters a hard-water receiving tank, and by an automatic

system receives the necessary chemical treatment. First

a littU sulphuric acid is added, sufficient to decompose
ihe soap and to liberate the grease therefrom. This

grease is caught on special filters and sold to grease

manufacturers. Then the water receives a fresh treatment

with sodium carbonate, and after it has passed through

the second tank it goes into a large reserve tank for supply

to the works. The softened water has a total hardness

of 4'5 grains per gallon, is perfectly clear and colourless,

and is used for boiler feed purposes. It is also quite

satisfactory for piece scouring and washing. The total

cost of the chemicals for purifying this water works out

at 2d. per 1000 gallons on a pre-war scale. A point of

interest in connection with this installation is that the

works trade effluent is considerably reduced, and in such
cases the ettiuent charges payable to the Corporation can
be proportionately reduced. This type of apparatus fully

justifies the statement that in future it is more than pro-

bable that large quantities of water will be dealt with by
a similar arrangement, thus gteally helping to reduce the

demand on original water supplies.

A water softening plant will deal satisfactorily with

water drawn from the various rivers in the textile districts.

River water give an average hardness of 8 to 10 grains

per gallon. It usually contains oil and suspended solids.

The chemioal precipitation of the lime and magnesia salts

simultaneously carries down with it the oil and suspended
solids. In the worst cases the use of a little crude
sulphate of alumina along with the lime and soda will

produce a bright colourless water. When the hardness of

the water varies a larger tank capacity will to a great

extent equalise the hardness of the softened water.
Another source of water which relieves to a great

extent the demand on the Corporation supply is that

obtained from boreholes. This water is quite easily

dealt with by a water softener. As a rule the hardness
is not excessive, and therefore the cc<!t of treatment is

low.

In conclusion, it is not out of place to emphasise the

fac> that water used for boiler feed purposes should be
treated in a water softening plant, so as to remove scale-

forming substances. It is universally known that hard
scale on the boiler plates and flues, and also in the econo-
misers, considerably increases the fuel consumption.
Various more or less extravagant statements have been
made as to the effect of certain thicknesses of scale in the

boiler. Actual boiler plant tests are more reliable, and
experience has proved that it is no difficult matter to save
20 per cent cf fuel as a result of removing heavy scale

from the boiler. In these days this saving of fuel is a
vital matter. Boiler compositions ate unsatisfactory and
most are absolutely useless. None of them justify their

expense nor comply with the scientific requirements of the

day. It is better to treat an unsatisfactory water on
scientific and efficient lines. Water softening is but one
of the many processes in a textile factory which will

demand attention in the early future.

This country has now awakened to its potentialities.

It is seen that to day in many directions waste continues
to an appalling extent. It is realised that so far as
passible such waste must be discontinued.

The effluent from a moderate sized works can easily

waste pf tOGO per annum. Soap is now being wasted to

the extent of hundreds of thousands of pounds sterling

per annum, owing to the use of an unsuitable water. In

industry the future is to those who will efficiently apply
scientific facts to technical and practical processes.

—

Society oj Dyers and Colotiriits, xxxiv., No. 12.

Chemists— Pivotal Men.— With regard to the release
of pivotal men from the Forces for employment as
chemists, the Demobilisation and Resettlement Depart-
ment of the Ministry of Labour has authorised the In-
stitute of Chemistry to assist in the selection of names of
chemists (professional consulting, analytical, and re-

search) whose prompt return to civil life will prove of the
most value to the country for the purposes of recon-
struction and absorption of unemployed labour. The
Institute is asked to select officers and men who can be
classed as pivotal, preference being given to those with
the longest service, and to married over single men.
Works chemists are not to be included in the selection, as
their employers are required to apply for them under the
industry in which they are engaged. The names o
selected men will be forwarded by the Registrar o the
Institute to the Department cf Demobilisation.
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THi: CONFIGURATIONS OF ORGANIC
COMPOUNDS AND THEIR RELATION TO
CHEMICAL AND PHYSICAL PROPERTIES.'

By ARTHUR MICHAEL.

(Continued from p. ir,).

Cafillarily.—Walden and Swinne {Z<il. Pliys. Clicm.,

1912, Ixxix., 7^6) have recently determined ibe surlace

tensions and tbe temperaturi: coefficients o( the esters of a

number of stereomeric acids. HyJrjcinnamic and
cinnamic esters have analogous configurations, and along

with unsalilration goes an increase in the first and a

decrease in the latter values. This relationship is also

shown with further unsaturation, and would probably

appear between the stcreoitructurally analogous allo-

cinnamic and phenolpropiolic esters.

These chemists (he. cit., p. 746) use the capillary values

of succinic and inaleic /-amyl esters to exemplify the in-

fluence of double linkage; while the tcrn|<crature coeffi

cients likewise decrease with unsaturation, the surface

tension values are practically identical. Steroinerlcaily,

the comparison is not Justified as the fumaric ester is the

real stereo analogue (38). The surface tension of maleic is

somewhat greater than that of fumaric ethyl ester, and in

the above instance, too, a decrease in the constant is

undoubtedly caused by unsaturation. On the other hand,
the vnlues of chloromaleic and citraconic /amyl esters

are less than those of the stereomtr c es'.ers, and the in-

teresting relationship exists that the surface tensions and
the densities of these compounds stand in direct relation.

This connection piobably occurs iii all other groups of

derivatives formed in progressive unsaturation, provided

they exist in like conditions of molecular association,

and the two first members of the series have similar stereo-

structures. For example, it is shown by the /amyl esters

of hydrocinnainic, cinnamic. and phenylpropiolic acids.

Optical Activity.— In his researches with derivatives of

/-amyl alcohol Walden (Zeit. Phys. Chcm., iSy6, xx.,

5(;q) showed that ethylenic a.d-ursaturation in esters

causes an increase in the molecular rotation and in the

dispersion, but that the values fall in the corresponding
acetylenic derivatives, although they ate sllll larger than
those of the saturated bodies.

Walden (loc. cit., p. 580) concluded from these rela-

tions that the transition from double to triple linkage is

accompanied by a change in the nature of the unsatura-

tion, and Wern=r (' L^hrb. d. Siereochsmie," ijo-), p. 135)
thinks that it indicates the magnitude of saturation to be

greater in acetylenic than in the related ethylenic bodies.

As Walden {Zeit. Phys. Chem., 1894, xv., 651) found
that the fum. esters in the dibasic ethylenic series have
larger values than the stereomets, the same line of

reasoning led to the conclusion that the extent ol their

unsaturation exceeds that in the mal. esters. Obviously,

this conclusion is opposed to the other physical and to the

chemical properties shown in these groups of substances.

These apparent conlradiclions are due to the comparison
of substances with dissimilar configurations. Hydro-
cinnamic and cinnamic, or succinic and fumaric, esters are

stereomerically alike ; the effect of further unsaturation

should not be deduced from diHetencts between the unlike

cinnamic and phenylpropiolic esters, or fumaric and
acetylenic dicarboxylic esters, but betivecn those of the

acetylenic derivatives and the similarly constructed allo-

cinnanii: and maleic esters, whose values are undoubtedly
considerably smaller {yj). Further, there is no way of

accrtaining dir^'ctly the effect of acetylenic unsaturation

on the relations of these properties, as stereo structurally

similar, saturated bodies arc not known.
Mjonttic Rotation.— In no other iihysical property does

the effect of ethylenic unsaturation vary to such a marked
extent with the chemical nature of the compounds, and

* I'foiii ilie 'Jouritot u/ tlu .iituncttn Chtmttat btn.iity, a!., Nu. 11.

Sir W. H. Pcrkin {yoitiii. Chem. Soc, 1884, xliv., 561 ;

iS86,xlix., 205; 1888, liii., 597; 1895, Ixvii., 261) found
that it always causes an increase in the values, and also,
although from an examination of only a limited number
of slereomeric bodies, that a fumatoid shows a higher
value than the maleinoid form.
To determine the effect of unsaturation in the stereomeric

itbyl esters Petkin subtracted the values of the crotonate,
oleate, maleate, and ciiraconate from those of the
butyrate, stearate, succinate, and pyrotartrate, and found
the rotations of the unsaturated derivatives to be 11 — 1-2

units greater, which hz considered the normal value for

ethylenic, a.ti-unsaturation. Since the difference between
the values of crotonic and butyric esters is about the same
as that between the dibasic esters, it has been concluded
that the configuration of crotonic acid " is like that of
meleic acid, which is confirmed by the chemical relations "

(Smiles, "Relations between Chem. Constitution, iScc,"

1910, p. 510; Smiles-Heizog, Ibid., 1914, p. 615); ie.,
(H,C)HC = CH{COOH)(Wislrcenus, Ann.. iSSS, ccN'viii.,

2S1). Pctkin"s conclusions were written before Bruni ("Feste
Losungen," p. 47 ; Ahrens "Sammlung." igoi) prov;dthat
crotonic and butyric, elaidic and stearic, and fumaric and
succinic esters have analogous, fumaroid configurations,
but the quotation given above was written years subse-
quently. Since tbe values for fumaric and maleic
stereomers vary considerably it is evident that the normal
value of ethylenic unsatuiation can be obtained only from
stereomers with similar stereo-structures, and that theie-
fore the above conclusion attaching a cis-configuration to
crotonic acid is quite as untenable from the rotation data
as that of Wislicenus from the chemical was shown to be
years ago (Michael, yoimi. Prakt. Chem., 1895 [2], lii.,

The difference between the rotations of the similar
(fum.) fumaric and succinic, and mesaconic and pyro-
tartaric, esters is 17— 1-8, which is also that between S-
ethoxy-crotonic and (j-ethoxy butyric esters ; theretore the
configuration of the first ester " is fumaroid " (Smiles and
Smiles-Herzog, loc. cit.) ; i.e., CHj(EO)C = CH(COOE).
The correetness of this conclusion deprnds whether

ethylenic unsaturation in all classes of fumaric esters is

represented by tbe above figure, which is doubtful, as the
difference between the fum. crotonic and butyric esters
is i.t. Evidently, no in.portance can be attached
to conclusions based on such imperfect data, and
under any circumstances, the configuration of the
fum. 6-ethoxycrotonic ester is not the above, but
(CH3)H0C = CH(C00E) (Michael, youni. Am. Chem.
.Soc, 191S, xl., 712).

Perkin {yotirii. Chem. Soc, 1892, Ixi., 800; 1894, Ixv.,

S15) applied magnetic rotation to the study of keto- and
enol-tautomerisation, basing his calculations on the as-
sumption that aliphatic ethylenic unsaturation is repre-
sented by the difference between the values for crotonic
and butyric esters (11) and using additive values in the
substitution of different atoms, or in the increment of
radicals. These assumptions can only be approximately
correct, which in compounds of different chemical nature,
£.?.,ihe mono- and di-ketones, may decidedly affect the
conclusions regarding the quantitative proporlirns between
the enol and keto forms. But the method may only setve
to show with some degree of certainty whether a sub-
stance is the keto derivative or exists largely in that form,
as no experimental data is known that gives the rotation
difference between fum. and mal. fatly a.fl.A esters.
Further, it is not known whether in the enolisation of com-
plicated keto derivatives, like acelylacetonc, the mal.
or fum enol or a mixture ol both of these is formed ((u).

Ileal u/ Coinbiiilioii (Michael, .-Iw. Chem. yoiirn., 1908,
xxxix., 1).— Louguinine (Comptei Reinlui. i8jS, cvi., 1290 ;

.Ann., Chem. Phys., 1890, [6], xxiii., 18O) in 18S8 found
that the beats of combustions of inaleic and citraconic
acids are greater than those of fumaric and mesaconic
acids, and Stohmann (yourii. Prakt. Chcm., 1890 [2],
xl., 202 and j57 ; iSgi, \lii.,37j; 1892, .\lv., 530) con-
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eluded, from resuhs on quite a number of related stereo-

nieric acids, that this relationship may be generalised
;

that is, the unstable modification of such stereomers have

the greater heats of combustion, and that they lose energy

in passing over into the stable forms. Evidently, it the

transmutation of a maleinoid into the fumatoid stereo-form

is accompanied by the conversion of free into bound energy

at the axial carbon atoms, and also spacially between the

atoms grouped about them, the latter substances must

have smaller heats of combustion, since in the change some
of the atomic energy in the maleinoid derivatives is dis-

sipated as heat.

Stohmann {youiii. Pi-ijkt. Chem., 1892, xlv., 531) also

stated that in stereomciic esters the unstable modifications

show the larger heats of combustion, and lose energy m
passing over into the stable forms. However, no e.xpeti

mental data to confirm the statement were published in

his papers, and the only observations beating on such

stereomeric bodies are on maleic and fumaric, and ethyl-

cumaric and ethyl-cumatinic, methyl esters. The greater

heat of combustion of a maleinoid over that of a fumaroid

acid is due to a less complete intramolecular atomic

neutralisation, and the heat of conversion value should be

larger lor a pair of acids than for their esters, since the

carboxyl group has lost considerable negative energy in

the act of esterification. This is the relation found for

the above mentioned liquid aromatic esters (41).

On the other hand, Ossipoff [Comptes Heiuius, 18S9,

cix., 310; Ann. Cbiiii, PJiys., iSgo, [6], xxiii., 1S6) found

the difference between maleic and tumaric methyl esters

to be 6-1 Kg-cals., whilefor the acids 6'2 (Stohmann), 65
(Roth), and S-2 Ivg-cals. (Louguinine) are the ascer-

tained values. Roth and Storr.ier call attention that the

last value (82) is greater than that (6 8) for the eststs, but

there is no doubt that Louguinine's figure is too high, and

that 6-2— 6-5 represents the correct value, which is less

than that between the esters.

This apparent exception to the conclusion stated above

has a physical and chemical cause. First, fumaric methyl

ester is a solid (102"), while the maleic ester is a liquii],

and the real heat of conversion is 6-8 Kg-cals. less that of

the heat of conversion of solid into liquid fumaric methyl

ester. This value has not been determined, but Stohmann
{yoiirn. Pnikt. Chem., i8go, xl., 349) found that it is con-

siderable (4 9 Kg-cals.) with much lower melting (78")

methyl succinate. Second, the cis relation of the caib-

methoxyl groups in maleic ester permits a proportionately

greater conversion of the free energy of the alkyl groups

into bound energy and heat than the trans-relaticn does

in the fumaric derivative (42).

It is evident that the heat of conversion of liquid maleic

into liquid fumaric methyl ester must he considerably

smaller than that of the corresponding acids, and that the

values of the heats of combustion of the liquid esters must

lie close together. That the maleic esters still represent

the maleinoid forms is apparent from their convertibility

into fumatic esttrs by catalysis, even then when both of

the deiivatives ate liquids (Anschuetz, Ber., 1879, xii.,

22S2).

NoUi.

38. Btuni (Atti Accad. Lincei, 1904, [5], xiii., I., 626).

In accepting Bruni's results on the configurations of

ethylenic derrvatives, and disregarding those that lead to

the classification of the acetylenic acids as fumaroid, it

should be emphasised that only in this way is it possible

to develop a consistent theoretical treatment of the

physical and chemical properties of unsaturated coni-

poundB in their relation to configurations. Moreover, the

acceptance of fumatoid steteo-structutes for the acetylenic

deiivatives implies an enorniujs repellent force between

radicals like phenyl and catbo.xyl, which does not exist,

and leads also into a maze of contradictions between pro-

perties and configurations (see also Am. Chem. Jouyii.,

igo8, xxxix., 12 ; Ann., 1912, cccxc, 40).

39. These remarks applv also to the connections between
configurations and the absorption spectra (Stewart, Journ.
Chem. Soc, 1907, xci., 20b) •vhetc the relations appear lo
be si.-nilar.

40. A discussion of " magneto-optic exaltation " will be
given in a later paper in connection with that of the Thiele
hypothesis.

41. Roth and Stormer {Ber., 1912, xivi., 278). These
chemists {Ibid., p. 261) in stating that Stohmann ptoitd
ihe rule for isomeric acids, and also for maleic and
fumaric acids, and that it has been accepted for stereomeric
acids on inadequate experimental data, appear to have
overlooked that Stohmann {jh'otirn. Prakt. Chem., 1895,
;2j, xlv., 531) showed its validity for the principal stereo-
meric acids.

42. Roth and Oestling (Ber., 1912, xlvi., 37) show that
"Stohmanns rule " is not valid for the isomeric pinonic
and tanacetone keto carboxylic acids. Stohmann (yoiiin.

Prakl. Chem., i8go, [2I, xl., 357) intended the rule only
for simple (" stellingsisomeren ") not for complicated acids
of unlike structures, especially when the branched groups
are unsaturated and in diflErent positions to the carboxyl
groups. It was theoreiically improbable that the total

free energy in such derivatives, which finds expression in

the heats of combustion, should alwavs be proportional to

the free energy manifest at the acidic hydrogens. They
state, howtvtr, that the rule holds for tiimethylene
carboxylic, crotonic, alloctotonic, and vinvlacetic acids,
in which the heat of combustion and affinity constants
increase in the above order. The alloctotonic acid used
in the Stohmann determinations contained at least 50 per
cent of crotonic acid (Michael, Ber., xlii., 322), and its

real affinity constant must certainly be decidedly greater
than that of vinylacetic acid. Roth and Oestling state
further that the " stability " of these acids decrease in the
order mentioned above. " Stability ' as a general tennis
quite as indefinite as " decomposibility " and " reactivity "

(see Michael, yourn. Prakt. Chem., 1903, [2j,lxviii., 496,
and conveys no precise meaning, unless it is co-ordinated
in a particular physical or chemical system. No better

illustration could be adduced than Roth and Oestling's

contention that vinylacetic acid is less "stable" than
allocrotonic acid, for the statement is as ambiguous and
meaningless as it is inexact.

(To be coDtioued).

KIMBERLEY DIAMONDS: ESPECIALLY
CLEAVAGE DIAMONDS.*

By |. R. SUTTON, M.A, St U., F.R.S S,.\.

I. Local Chaiactcriiiics.

Thl difierencc in character between the diamonds
obtained from the different Kimberley mines has been
noted often enough ; albeit not always in terms that

convey much idea of their meaning to most people
who are not directly employed in the diamond trade.

Indeed, it is doubtful if mere words are competent
to express the subtle shades of difference, obvious
enough to the expert, between, say, a crystal from Bult-

fontein and one from Wesselton.
One or two opinions from authoritits of greater or less

repute may be cited :
—

" It is quite tiue that large parcels of diamonds from
the various mines have distinctive charactetistics, and it

can be easily told from which mine a parcel of diamonds
comes; but it is very difficult to tell in which mine a

single stone may have been found, though each tnine has
stones in a great measure peculiar to itself.' (G. K.

Williams, " The Diamond Mines of South Africa," p.

492, 1902).

* I-roin the Tiiuiiti^twii3 of tlu Rfyul Soeuty of Eolith A/fUu
lii., Pail I.
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" The collective character of the stones found in each

mine and in each part of a mine are distinctive, but single

stones of every quality occur in all mines. Thus, though
it may be impossible to state the particular mine in which
a single stone was found, yet an experienced Kimberley
diamond merchant would have no difticulty in naming the

mine, or portion of a mine, from which a parcel of stones

bad come, pro\ ided that the parcel formed a fair sample
of the yield of that particular deposit." (Bauer, "Precious

Stones," English edition by Spencer, p. 212, 1904).

I. Repraenlative Assorlmiiil 0/ Bu It/on lein and W'esselton

Diamoitih, in Percentages.

BultfoDteiu. WeBbclton.

yize of Parcel 70,208 cts. 59,600 cts.

A. Close loads.
Ulue Whiles
Fine Whites
Whites
I'irst Capes ..

Second Capes .

Byes
Yellows
First Fancies
Second Fancies .

B. Irregulars.

Whites.. .. .

Capes
Byes
Yellows

C. Spotted Stones.

Blue Whites
Whites
Capes
Byes
Goods
Good Capes
Second Capes .

Darks
Dark Capes..
Dark Byes .

.

Blacks

D. Brown Stones.

Light Browns .

Fancies
Coated Stones .

E. Flats.

Whites
Capes
Byes . . . .

Greys
Darks

F. Cleavages.
Blue Whites .

F'ine Whites
Fine Capes .

.

Byes
Yellows
Goods
Good Capes
Coloured
Greys
Darks
Blacks
Black Rejections.

Light Browns .

Browns

G. Rejection Chips .

H. Rubbish

I. Bon

Per cent

002
2'o6

0-55
0-31

006
003
003
I '20

060

285
0-24

o 09
O'OI

002
2-84
0-68

o-ii

i-28

274
171
0'24
0'04

1-52

1-27

o'I4
u:o
3'43
I 05

o'l4
2-67

oig
003
001
215
o 25
o 70
270
4'3i

474
1 1 09
022
315

Z3'55

i8'0<

I'er tent

0-30
2'64

lie
I'OI

030
003

3-21

071
o 02

035
192
066

085
o'lg

o 62
0-57

174
075
0'20

2 75
043
0-05

472
1-13

004
3 06

071

074
032
074
i-6i

I-I7

443
u'42

9-46

365

2703

2081

Representative Assortment 0/ Pool and Dutoitspan
Diamonds, in Percentages.

Si^e of parcel. .

A.\. Close Goods.

Crystals

Capes
Byes
Light Otlcoloureds
Ofi'COloureds

Yellows

BE. Spotted Stones.

Crystals ]

Fancies
)

Byes
Off-coloureds

Yellows

CC. Flats.

Whites I

Irregulars i

'

'

Byes
Yellows
Dark Yellows .

.

DD. Macles.

Ordinaries .

.

Darks
Blacks
Rejections .

.

Black Rejections. .

EE. Rejection Stones.

Ordinaries .

.

Light Yellows .

.

Yellows
Darks
Blacks

FF. Cleavages.

Whites
Capes
Byes
Yellows
Ordinaries ..

Darks
Blacks
Rejections .

.

Black Rejections.

.

Light Yellows .

.

Yellows
Light Browns
Browns
Dark Browns

GG. Rejection Chips.

.

HH. Rubbish .. ..

H. Bort

Pool.

30,760 Cl8.

Per ceni

o'07

007
013
0*04

o-ii

'45

3'20

0-27

0-56
1-98

i'54

094
I-2I

0-40

23
0-29

115
1 23
I'll

0-13

107
086
076
0-44

062
075
2-19

1-84

107
0-42

5-46

067
1097
57»
3"42

070
028
481

1304

19-80

8-93

Dutoitspan.

30,900 cts.

Per cent

044
026
o'4l

023
0-04

174

lo'54
l3'oi

077
05

1 79

I o 07
I2 go
0-95
0-68

007

003
0-12

103
114
046

083
233

2 23
1 04

1-05

'•33

123
1-93

077
077
778
2 15

883
800

0-48

"39
7 00

753
'5-45

10-33

Note.—Some caution must be exercised in making
a first approximation to an interpretation of these per-
centages. It would not be fair, for example, to translate
them at once into carats, and thence to argue that
Wesselton produces more good white stones than Bull-
fonlein docs just because the numbers opposite " whites "

are greater as a rule for the former mine. Actually the
percentages of whites in the upper classes of Bultfonlein
are diminished because of the large number of Bultfontein
white, or faintly tinted, diamonds which contain black
spots—as may be seen in Class C, and especially in Class
F, subclasses greys to black rejections inclusive. Were
these spotted stones (which are not numerously repre-
sented in the Wesselton yield) not in existence, Bultfon-
tein would show the higher percentages of good wliites.
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" Most pipes were formed by a number of successive

eruptions which gave rise to mote or less well-defined

columns of blue ground. Within any particular column
of this nature the diamond content of the pipe rock is

generally found to be remarkably uniform, but adjacent

columns may differ markedly not only in their yield, but

by producing diamonds of a distinctive character. So
pronounced in some instances are the differences between
the diamonds yielded by different columns of blue ground
that experts can with [out] difficulty determine not only

from which mine, but from what portion of the mine, a

particular parcel of stones has been derived." (P.

Wagner, " The Diamond Mines of Southern Africa,"

p. 149, tgi4).

We propose first of all to amplify these three state-

ments, and to illustrate them as far as it is possible to do
go. Further references to the volumes in which they are

contained will give the pages only, the titles will be

understood.
Below are given representative assortments, in per-

centages, of parcels of diamonds from the Bultfontein,

Wesselton, and Dutoitspan mines. Representative assort-

ments for De Beets Mine, and for Kimberiey Mine,
separately, cannot well be given, since in the days when
these two mines were in full swing the produce of the two
was mixed together before being sorted. A specimen
Pool assortment (as it is called) of De Beers and Kimber-
iey diamonds mixed together is, however, given.

Explanatory Notes on the Assortments.

A. Close Goods are diamonds of good colour and sym-
metry and free from all blemishes of spots or flaws. In

this, as in all the other classes, the sub-classes stand in the

order of merit ; thus a white is esteemed more than a

cape, a bye more than a yellow. The sub-classes ate

further sub-divided into lots arranged according to size.

B. Irregulars resemble close goods in all respects

excepting that their symmetry is inferior.

C. Spotted Stones resemble close goods excepting that

they contain internal white or black spots.

D. Brown Stones are diamonds of good symmetry and
free from b'emishes, excepting that they have a greater or

less brown or smoky hue. In the case of the light brown
stones the colour is pretty equally distributed throughout
the mass, as it also is in the case of the fancies (see also

under A, Bultfontein) which are mainly brown. On the

other hand, the smoke-brown tint of the coated stones is

often confined to the surfaces, and is due to a thin deposit

of opaque material, probably caused by corrosion.

Coated stones are what is called "speculative " stones,

since they may be good or bad inside. Pretty often they

are very good indeed. They always command a good
price. Bultfontein fancies differ from Wesselton fancies.

E. Flats differ from close goods in the matter of sym-
metry, namely, that their thickness is small in comparison
with their length and breadth. Some of these are no
thicker than a visiting card. Macles (for the definition of

which see any standard work on crystallography) go into

this class. Mineralogists and crystallogtapbers, outside

the diamond trade, commonly give the name " spinel

twins " to macles. The term is not without objection,

because it is calculated to make the multitude think that

a macled diamond is really a spinel. It is better to con-

fine the name "made," in accordance with Kimberiey
practice, to stones in which the crystallisation has taken
place tight- and left-handed from a common basal plane

without interpenetration from either, and to use " twin "

for interpenetrating crystals.

F. Cleavages will be dealt with at some length later on.

Here it is enough io say that the first five sub-classes—
Irom blue whites to yellows, that is—are of good quality,

colour, and shape ; whereas the remaining sub-classes,

from goods to black rejections, are inferior in all ways,
and in the majority ot individuals ate spotted. Brov/n
cleavages best much the same relation to btown itones

that the first five sub-classes of cleavage bear to close
goods.

G. and H. Refection Chits and Rubbish are made up
entirely of diamonds so defective in the requirements of a
passable stone that no place can be found for them in any
of the higher classes lest they spoil the look of the whole
parcel. They comprise diamonds of all sorts other than
true bort—the ragtag and bobtail of each. A good
quantity of this stuff goes into cheap jewellery ; much of
it is used for industrial purposes, >.«., for graving tools,

glaziers' diamonds, and watch pivots. Bultfontein does
not produce so many small diamonds, averaging, say, a
dozen to the carat, as Wesselton does, which is one good
reason why it has not a class of rejection chips of its

own. Such rejection chips as it has go into the rubbish.
I. Bort is mostly converted into powder for grinding

and polishing purposes. There is a large demand for the
best pieces for use in rock drills. Notwithstanding that
bort only averages 5s. or 6s. a carat, really good "shot
bort "will fetch as much as £\ or;£'5. Same of the
distinctive types of bort will be described presently.

Diamonds not good enough even for rhe rubbish go into

this class.

AA. Close Goods. See the remarks under A.
BB. Spotted Stones. See C. In oorting Pool or

Dutoitspan goods for the market, fancies find their best
home in this class.

CC. Flats, here, really contain a few macljs ; but most
I^ool and Dutoitspan macles do not harmonise as well
with the flats as Wesselton and Bultfontein macles do,
and so we have a separate class of—
DD. Macles which are characteristic, in colour and

shape, of the former mines. They tend to a greenish-
grey, are often much spotted, and have, with few
exceptions, rounded edges sloping outwards (not inwards
like spinel twins) to the common basal plane.

HE. Rejected Stones ate inferior spotted stones not good
enough for BB.
FF. Cleavages. See F.

GG., HH., II. Rejected Chips, Rubbish, and Bort.
The remarks under G., H., I., apply in general in these
cases also.

It is to be noted that these assortments are on a strictly

commercial basis. They have the market in view, and
the market only, therefore they cannot fully answer all

the questions that science would put ; but they give
useful testimony as to the outstanding points of diRerence
between the parcels of diamonds from various sources.
Roughly speaking, one system of sorting does for both
Wesselton and Bultfontein, and another system for both
Pool and Dutoitspan. All the same, that is not to say
that for any assigned class, common to the two mines,
the diamonds belonging to that class from one mine are

the counterparts of those from the other. The Bultfontein

cape stone, e.g., is not quite the same as the Wesselton
cape. A Dutoitspan yellow has a somewhat different glow
from a De Beers yellow. Bultfontein browns are sorted

in with the fancies. Both they and the Wesselton browns
are less full in colour than Pool browns; indeed they are

smcky rather than brown. Still mote diverse are Wessel-
ton whites and Dutoitspan whites. Again, the Bultfontein
yield sorts into more classes than does the Wesselton
yield, there being small classes of coloured diamonds in

the former which are not represented at all in the latter,

which is curious, seeing that a Bultfontein parcel hasquite
as white a tone as a Wesselton one. As it happens, many
of the yellow diamonds, and particularly the larger ones,
found in Bultfontein are what is called Dutoitspan
yellows; that is, they have the Dutoitspan and not Bult-

fontein characteristics ; and this fact, coupled with the

occasional find of a diamond with Bultfontein cbarac-
terististics at Dutoitspan, is thought to indicate some deep
underground connection between the two mines (Hatch
and Corstorphine, "Geology of South Africa," second
edition, igog, 276; Wagner, t5i). The superior quality

of the Dutoitspan yield over that of the Pool is well



34 British Scientific Products Exlnbition. CiiKMicAL News,
I Jda. 17, igig

shj.v.i by ih^- greater percentage o( Djtoiispan diinionds
in the upper classes. An excellent brief general account
of the characteristics of the diamonds from the several

mines will be found in Hatch and Corstocpbine, 275,
made up from notes supplied by A. Brink.

As to the denominations, it should be explained that

"black" is not black in the sense in which lady novelists

use the term when they rhapsodise over their heraine'>

priceless black diamonds. It simply means diamonds in

which black spots are abundant. In Kimbetley colloquial

speech a black diamond is generally bort when it is not

coal.
(To be cont Qued).

BRiriSH SCIENTIFIC PRODUCTd EXHIBITIO.N.
AtousT 12 TO September 7, igiis.

UEFORT 01' TilE ORCi.\.Nl.SISG Co.MMITTEE.

WiiiN the suggestion was made that the British S;icnce

Guild should organise an Exhibition of products and
appliances manufactured in scientiiic industries since the

advent of the war, the question of financial responsibility

tot such an enterprise nad to be considered before any
practicable scheme could be adopitd. I'ortunately, three

members of the Executive Committee of the Gj.U^Sir
William Mather, S r Robert fladReld, and Mr. Kobett
Mond—immediately subscribed the sum of,£^100 each for

the purpose of taking whatever preliminary steps were
desirable, even though the proposal should not be realised.

Un this understanding, enquiries were made of a number
of leading manufacturers in typical industries with the

.iew of determining the support likdy to be forthcoming

lor a British ijcientific I'toducts Exhibition. The replies

were so favourable that the executive Committee of the

Britii-h Science Guild did not hesitate to proceed further

with the undertaking ; and the General l^urposes Com
mitiee of the Guild was appointed, with power to add to

its number, to organise the E.xhibition and make all neces

sary arrangements connected with it.

The Organising Committee thus constituted was
fortu.iate at an early stage in being able to secure the ser-

vices of .Mr. F. S. Spiers, Secretary of the Faraday Society,

as its secretary. .Mr. Spiers's familiarity with many indus-

trial aspects of science, and wide acq laintance with their

leading representatives, made him particularly suitable to

undertake the duties of tN;cutive ofll;cr of the Exhibition ;

and he has fully justified the Committee's confidence.

The work involved has demanded close attention lor many
months, and much administrative ability, both ol which
have been given to it by the secretary. For the first

draught of the Exhibition scheme, Mr. J. H. Kiynolds,

formerly I'rincipil of the .Municipal College of I'echnology.

Manchester, was responsible, and he undertook also

the difficult and trouolesome duties connected with the

arrangement of the exhibits for several weeks before the

opening. His assistance at this important stage was very

valuable : and the Committee is glad to express high

appreciation ot it.

I'be central position of King o College was most suitable

for the I'.xhibition, and the College itself proved to be

admirably adapted for the display ol the exhibits. Not a

single complaint was received from the exhibitors, many
of whom, indeed, expressed themselves highly gratfied

with the whole of the arrangements and the influence of

the Exhibition in promoting public confidence in British

scientific industry. More than three hundred ditlerent

firms exhibited products ot appliances representing in most

cases developments during the four years ol wai ; and, but

for the necessary restrictions imposed ab to machinery and

certain im-truments used lor military and naval purposes,

it would have been easy to have increased the number ot

exhibits many limes.

Two mam puiposi-^ ol the Exhibition were before the

Committee from the time when it was entrusted with the

carrying out ol the project. O le was to enlighten the
public as to the capacity of British science to provide for

progressive industrial t.Npansion, and the other to stimu-
late further developments. It is nut too much to say that
the first of these objects has been abundantly fulfilled (the
number of visitors was more than thirty thousand), and
judging by the numerous notes made by visitors, there
IS gooa reason to believe that the second also was
achieved. The attendance increased weekly from the
opening by Lord Sydenham, President of the British

Science Gjild, to the clo-e ; and it was with regret that
the Committee had to limit tne p;riod of the Exhibition to

one month on account ol the needs of the authorities of
King's College. More than anything else the Exhibition
showed that there is a large and iiUelligent public
interested in science and its applications : and that when
an opportunity is provided for them to obtain a glimpse ol

what has been achieved they are eager to avail themselves
of it.

This interest in science and industry, when a suitable
appeal is made, was shown also in the attention given to

the Exhibition by the Press. The technical journals

—

noiiLh\y Engineering—published numerous detailed articles

upon the exhibits, and the general Press was consistently
helpful in its support. The Committee realises fully that
the publicity thus given assisted greatly to make the
Exhibition widely known, ft desires aUo in this connec-
tion to t.Noress its obligations to Mr. C. F. Higham for

placing his knowledge and experience at the disposal of

the Committee by acting as honorary director of publicity.

The thirty lectures delivered during the Exhibiiion pro-
vided new topics of interest e\'ery day; and the Press
Bureau, under Mr. .-Arthur Cohen's directorship, prepared
and distributed suitable notes upon them. The Committee
is very grateful to the distinguished representatives of

science and technology who contributed by their lectures,

which were all voluntary, to the success of the E.xhibiiion.

It is hoped to publish most of these lectures in volume
form, as many enquiries have been made for tbem.
There has been a general impression that the Exhibition

was subsidised by (iovernment
; and this might have been

done very appropciately if serious consideration had been
given to the national value of the undertaking, which was
undoubtedly very great. It is due, however, to the pro
motors to state that no financial aid was recei\ed from
any department ol the Government, tbough several depart-
ments were approached for a grant while arrangements
were in progress. The whole ol the cost has been met by
donations made by exhibitors and others and by the

receipts for admission. No charge was made for the space
occupied by exhibits, or for the entries in the Descriptive
Catalotrue, the object of the Committee being to secure as
represenlalix e a collection as possible independently ol

purely trade considerations, and to look lor financial

support to donors in syiiipjthy with the patriotic motives
which prompted the enterprise, whether they derived com-
mercial advantage from the display of goods or not. The
Committee is sure that all who ba\e contiibuted to the
Exhibition Fund will be gratified to know that their

donations have elTected a \ ery useful national purpose.
While the absence of financial aid by the Slate must be

mentioned to save misapprehension, it is with much
pleasure that the Committee acknowledges its debt to the
.\ir Minisiry, which, through Brig. Gen. U. K. Bagnall-
Wild, undertook the complete arrangement of the aircraft

section, and to the Board of Trade, which rendered
valuable assistance by advice upon many administrative

details and by the loan of a number of show cases. The
two rooms devoted to the aircralt ixhibits were filled with
materials and objects of interest ex:ellentlv arranged ;

and lliey formed one of the mo.>t popular features ol the

Exhibiiion. The thanks of the Committee arc also due to

the National P,iy>ical Liboraiory for its cx'.iibit of ^crew
and other gauges and lepresentatixe work in various

departments 61 applied physics, to the Inventions Uepart-

iiienl of the Ministry of Munitions lot instructive demon-
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strations ot ihe oxidation of ammonia, and to the Oas

Traction Committee, of which Sir Boverton Kedwood is

chairman, lor the interesting collection of exhibitii arranged

by it.

The success of the Exhibition encourages the Committee

to believe that an annual display of results of British

science, invention, and mdustry should be orgamsed by

the liritish S:icnce (iuild. Such an Kxhibiiion would

enable inventors to bring their devices or machines before

a large public, and would provide progressive manufac-

turers with an opportunity of surveying all inventions likely

to be of service to them as producers 01 users, thus serving

as a kind of clearinghouse for inventors and manufacturers

as well as illustrating developments in science and industry.

With the approval of the Executive Committee of the

British Science Guild, an Exhibitirn of this kind Is to be

organised for next year, and it is proposed to use for this

purpose whatever balance remains over from the recent

Exhibition as a nucleus of the fund that will be required to

cover the expenses of the further enterprise.

RATIONING COMMITTEE DISB.^NDED.

With the general release from Government control of raw

materials used in industry the necessity for rationing dis

appears, and the Civil Indusiries Committee through whom
that rationing has been e;ercised is now to be disbanded.

The Committee was appointed by Dr. Addison, then

Minister of Munitions, in February, 1917, under the name

of the Priority Advisory Committee. Its duties were to

investigate the claims of industries threatened with hard

ship or extinction owing to the shortage of raw materials,

and to make arrangements whereby they might at least be

kept alive, even if not maintained at their former level.

The Committee comprised some Departmental ofticials,

but was composed mainly of business men of such standing

as to give to the traders of the country a feeling of con

fidence that their interests would be safeguarded. The
Chairman was Mr. John Worm.^ld, of Mather and I'latt,

Ltd., Engineers, Manchester, and his fellow members

w;re

—

Mr. G. E. Ai.EXANnER (Chairman, United Glass Bottle

Manufacturers' Association),

Mr. Kenneth M. Chance (British Cyanides, Eld.,

B rmingham).
Sir Arihibali) Denny, Bart. (Wm. Denny and Bros.,

Ltd., Shipbuilders, Dumbarton),

Mr. Ai.EXANRER Walker (John Walker and Sons, L'd.,

Kilmarnock),

Mr. Murray Walker (Walker Bros., Ltd., East India

and South African Merchants),

Mr. Henry Woodall (Director, Gas Light and Coke
Company).

The Committee was housed at the headquarters of the

Priority Department of the Ministry of Munitions until

December, igiy, when it was constituted a Sub-Committee

of the War Priority Committee, and translerred to ii, Pall

Mall.

In full accord with the Controller of Priority, the Com.

mittee from the beginning undertook the rationing of

manufacturers already grouped together in trade associa

tions or capable of being grouped. It investigated the

affairs of ninety-one trades, in seventy-eight of which a

rationing system was established. Though its work was

largely in trades dependent upon supplies of metals, it

dealt also with the rationing of chemicals, oils, f.i'.s, the

last-named in co-operation with the Ministry of Food. In

addition, the Committee from time to time, by arrange-

ments with the Minister of Reconstruction, investigated

claims made to him lor materials, plant, and machinery

required in preparation for the resumption ot peace-time

work ot for the starting of new industries.

From the outset the Committee worked on the principle

of winning the CO operation of the tradersthemselves. No
decisions were made without consultation with representa-

tives of the industries concerned, and the meetings be-

tween the two tides were lull and frank. The Committee
originated the system of appointing, as official rationing

authoritits, independent persons of high standing, chicriy

firms of chartered accountants. This syslcm has worked
to the general satisfaction of the trailers rationed. To
assure that the supplies ot raw materials should be forlh-

coniing, the Conimittce worked in closest touch with
various Government departments, a close liaison has also

been maintained with the War Trade Department lor the

purpose of CO relating manufacture to export.

The Committee has met for almost two years twice a
week regularly, and in its earlier nionthe three times a
week. The Chairman, Mr. John Wormald, has given the
whole of his time to the work, assisted by Mr. Frederick
Simmons, and by Miss Fraser as secrttary, with no other
stflf. For thtir valuable services the Committee have
been warmly thank»d. noi only by the Government,
but aNo by the traders whom they rationed. It is

generally admitted, in fact, that this Committee has
furnished a striking example of what can be effected in

administration by appointing one just man of experience and
of proved business ability, and by allowing him to select

his own colleagues. In this way an aut^iority was created
which has done its work quietly and tiliciently, and has
gained the esteem and confidence of all parlies. Manu-
facturers have seen their necessary applications reduced
by a half and yet have cheerfully concurred, rz^alising that

this was the reluctant decision of sympathetic men who
knew well the anxieties of management and whose life-

work has been the conduct of important businesses.

PROCEEDINGS OF SOCIETIES-

CHEMICAL SOCIETY.
Ordinary Meeting, December 5, igi8.

Prof. W. J. Pope, C.B E., F.R.S.
in the Chair.

President,

(t was announced that the Society had lost, through
death, the following Fellows : —John l\rcy Batey (killed

in action), and James Mason Crafts.

Certificates were read for the first time in favour of

Pierre Beghin, 86, Maiktt Street, St. Andrews; John
Joseph Bryant, 28, Greenwood Road, Dalsiin, K.8;
George Butterworth, 107, Burlington Sireet, Ashton-
under-Lyne ; William Harold Squier Cheavin, 70, Somer-
set Road, Huddersfield ; Edward Charles Cull, B.Sc, 31,
Bourne S reel, fludley ; John Campbell Earl, 161, South
Street, St. Andrews ; A'gie Hancock, 3, North Street, St.

Andrews; George Samuel Heaven, B.Sc, Templemead,
Albany Road, Coventry; James Rintoul-Higham, Over-
more, Richmond Road, E. Twickenham ; Frederick William
Hodkin, B.Sc, 28, Thoresby Road, Hillsborough, Shef-
field ; Richard Edward Johnstone, 504, Lordship Lane,
Dulwich, S.E. 22 ; F'rancis Frederick Mooney, 39, Queen's
Place, Summerseal, Manchester ; Albert Riley, B.Sc,
Westficid Lodge, Tnorner, Leeds ; Hugh Vernon Thomp-
son, M. A. .Croft House, Garden Village, Stoke on-Trent

;

Gteattex Johnson Woods, 52, Butratd Road, WestHamp-
stead, N.W. 6.

Mr. E. A. Evans and Capt. J. Kenner were elected
Scrutators, and a ballot for the election of Fellows was
held. The following were subsequently declared duly
elected as Fellows :— Lauchlan Henry Pyke Acland, B.A.

;

James Garfield Anderson, M.Sc. ; Valentine George
Anderson ;

William Learmouth Baillie ; Frank Bain-
biidge ; Ernest George Balls, B.Sc. ; Bhaktabatar
Banerjee, M Sc. ; Percy Barrs ; William Andrew Stewart
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Blaine, B.Sc. ; Amulya Chandra Bose, B.Sc. ; Louis

Pierre Basman : John Harold Bright ; Hubert Thomas
Stanley Biilton, B.S:. ; Reginald Percy Leopold Btilton ;

Charles Daniel Buckley; Juan Pedige Charles Chan-
drasena, B Sc.

; Jules Cofman-Nicoresti ; Maurice
Copisatow, M Sc. ; Cyril Murton Croft; John Edwyn
Davies, B.Sc. ; Claude Diamond, B.Sc. ; Herbert Hector

Donaldson ; John Edward Doodson ; John Robert

Douglas ; George Zcphirin D j Pain ; Herbert John Evans,

B.Sc; Campbell Falconer ; James Foster ; 'Mfred Edwin
Gates; Herbert William Gtpp ; Tarak Prosad Ghose,

B.Sc; Geoffrey Gladding, M.Sc ; George Grant; John
Russell Green, B.Sc; William Duthie Haigh, B.A.,

B.Sc. ; Harry Hcpworlh, M Sc ; Herbert Leslie Howard
;

William Claude Jago ; Bernard Arthur James Jeffs ; Cosmo
Johns; Clifford William Judd, B.Sc; Kdwin Percy

Keeble ; Frederick John Kettel ; Thomas Kilby ; Norman
Victor Sydney Knibbs, B.Sc ; Laurence Francis Le
Brocq, B.Sc ; Ernest Alfred Littlewood ; Shih Chen
Loo; Donald Neil McArthur, B.S:. ; John Armour
McKetrow, M.A., B.S:. ; Charles Stewart Maries, B.Sc.

;

Norman Louis Matthews ; Robert Alfred Moore, B.Sc
;

Albert Victor Mountford ; William Newton ; Douglas
Norbury; Edwin Hart Nurse, B.Sc; Mehtab Singh

Obroi, B.Sc ; Leslie Henry Parker, M.A.,D.Sc.; John
Paterson ; Wilfred Stanley Pheasey ; Alexander Park

Porter
;
Joseph F'rancis Pratt ; Ralph John Pugb ; George

Thomas Purves ; Dudley Ridge
; George Frederick

Robertshaw; I'rederick ^Iaurice Rosve, M.Sc; Walter

Salmon; Monte Ambrose Shenton ; William Ramsay
Sibbald ; Eric Sinkinson ; George Smith, M.Sc. ; Thomas
William Southron; Thomas Rinck Stopford, jun., .M.Sc ;

Joseph Tavroges, B.Sc ; William Henry Tomlinson,

B.Sc. ; Walter Towse ; Frederick Gerald Tryhorn, M.Sc. ;

Henry Marshall Webb, B.Sc. ; Percy William Weston;
Gerald Noel White, B.Sc. ; Sydney Edward Whitehead,
B.ScEng. ; Charles Williams, B.Sc; George Adams.

n

Pemberton Wright; John William Reginald Voul!.

The following papers were read :
—

" The Inflammation of Mixtures of Ethane and Air in

a Closed Vessel—the Effects of Turbulence." By R. V.

Wheelkr.
" Blue Adsorption Compounds of Iodine. Part IV.

Phenanthtacoumarin." By G. Bargek and W. W.
Starling.

NOTICES OF BOOKS.

The Chemical Analy is of Iron. By Andrew Alexander
Blair. Eighth Edition. Philadelphia and London

:

J. B. Lippincott Company. Pp. 218. Price 21s. net.

All the various methods used by the experienced analyst

in the investigation of iron and steel have been brought

together in this book, which is perhaps the best known of

its kind and the most appreciated in the English language.

The fact that it has passed through seven editioiis each

showing some improvement in detail upon the last is suffi-

cient to show that its value has been fully recognised.

The author's wide experience and excellent judgment are

both clearly revealed in the choice of methods and the

cleat and complete directions given for carrying them out,

and no pains have been spared to assist the worker in

getting really accurate results. The latest edition con-

tains descriptions of many new methods now employed in

the determination of elements present in iron and steel,

and a special section is given to the analysis of alloy

steels. The Ford method of rapidly determining silicon

ia described in detail, the section on it having been

Bpecially prepared by Mr. Ford for this volume, and the

estimation of phosphorus by the method recommended by

the Subcommittee on Methods of the International Steel

Standards Committee of the United States is also given

in detail.

NOTES AND QUERIES.

Talc, Steatite &c — I have received enquiries re^ardin? talc,

steatite, French chalk, and shall be glad to hear if, among your
adverticcrs, any firm can handle such enquiries and to befavoii-ed
with thsir addresses in ihe intereat of iatcrnatioaal development of
mi;e:al resourc=.s.— Hrof. T. Cn.\UDH0Ri, Bahampore, B^ni^al, India.

MEETlNliS i-OR THE WEE1&.

Ti csDAV, 2ist.—Royal Institution, 3. "Lessons of the War," by
Prof, Spenser Wilk'nson.

Inslituiion of Petroleum Technologists, 5.50. (At
lh= Koyai Society of Arts. "Paraffin \Vax and
its Manufacture," by A Campbell and W. J,
Wilson.

WtiiNKSoAV, 2'nd.—Koyal Society of Ans, 4.30. "Meteorology
UurinR and After the War," by Col Henry O.
Lyons, F K S,, &c.

TiirKsiJ.\v, 23rd. -Uiyal Institution, 5. " Chemical Studies cf Oriental
Porcelain," by Prof J. Nor-ran Collie.

Frip.w, 34 h.—Royal Institution, 5.30 " One Side of War," by Temp.
Lieut.-Co!. .Andrew BaUour, C.B.

Saturday, 2|tb.-KoyaI Institution, 3 "The Irish Literary Ren is-

sance," by Rev. Csnon J. O. Haooay.

A ssistant Assayer (aged about 25) required by
^^ Birmin^^ham firm of Bullion dealers, ike. Knowledge of Gold
and Silver Assaying desirable. Permanent position. Good prospects.
State age, experience, and salary required —Address, " A 25." Chkmi-
CAL Nkws Office, 16, Newcastle Street, Farrjngdon Street, London.
E.C.4-

r^hemist in charge; seeks change. Metals,
^•^ Minerals, Analyses; Plant control and organisation. KcEearch
(Inorganic) and new plant inceptidn specially preferred. Good refer-
ences and varied experience. — .Address, " Organiser," Chkmical
Ntws Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4.

Junior Assistant Analyst required, between 20-
22 years old, for an .Analyst's Laboratory abroad. Salary and

bonus—Write, stiting experience and qualiticrtions, lo C Z., care
of Street's, 30, Cornhill, E.C. 3.

\,\7anted immediately, Demonstrator for Che-
' ' mica! Department. State salary required.—Apply, Secretary,

South-Eastern Agricultural College, Wyt:, Kent.

\ A/orks Analytical Chemist required. One
• conversant with Soap Manufacture, Nicotine Extractions, and

Agricultural and Horticultural Preparations. State full particulars
and salary required.—Address, W. A , Chemical News Office, 16,
Newcastle Street, Farringdon Street, London, E.C. 4.

C'HEMICAL SOCIETY. - FOR SALE,
^^ " Journal "acd " Proceedings" of the Chemical Society, 1907-8
(bound), igOi^-ir (unbojnd) ; eleven years complete. What olTers

"'—

Apply, F. C. S . 7, Bletchley Road, Bletchley, Bucks.

PATENTS AND DESIGNS ACTS, 1907-1914.

CHLORINATED SODA.
nphe Proprietor of BRITISH LETTERS
"* PATICNT No. 11567 of 1915 is prepared to Sell the P.itent or

to License British Manufacturers to work under it. It relates to a
solid product intended for use in the preparation of Javel Water.

.\ddress,

—

BOULT, WADE, and TENNANT,
in-112, Hatton Gai;den,

LoNi:iON, L.C. I.

STRONTIUM SULPHATE
(Average sp, gr. 3'95;.

q^HE BRISTOL MINERAL and LAND
-^ COMP.WY, Ltd., are Owners of large deposits, and invite

enquiries.

.Address, Carlton Chambers, Baldwin Street, Bristol, England,
TeleKfaphic address —" Beetroot," Bristol. Telephone No. 38,
Bristol.

MICA. ^SS'
F. WIGGINS & SONS, 102,3 4, Minorics, London, E.

MICA MERCHANTS,
d»nufactarerB of Mica Goods for Electrical and ALL purpoit).

Cmtraclots to //is ilitiesl) i Govtrnvunl,
^
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yellow chromate is completely converted to lead aolpbate,
giving a final wash with cold water.

If difficulty is experienced in the conversion add a few
drops of alcohol to the pad before the sulphuric acid.
The lead sulphate is then taken up in hot ammonium

acetate solution (containing free acetic acid) by pouring
about .|0 cc. or so on to the pad and washing through into
a clean 300 cc. conical beaker ; bring the solution to the
boil, and carefully precipitate as lead molybdate by the
gradual addition of a solution of ammonium molybdate,
allow to settle, filter through ashless paper pad, wash with
water containing a little ammonium acetate, ignite, and
weigh as lead molybdate.

Remarks.

{j) It is not necessary to filter off any mela-stannic acid
formed on solution of the alloy unless present in such
quantity as would interfere with the normal procedure, as
it vjtW remain on the pad after solution of the lead sulphate
in ammonium acetate.

(/)) Where the lead present is under o 25 per cent the
precipitation as chromate is better accomplished by adding
the potassium chromate solution after precipitating the
copper as hydroxide and before the addition of acetic
acid. The lead being precipitated as hydroxide in the
first instance considerably accelerates the formation ct
lead chromate on acidifying with acetic acid, and it is

only so that the complete precipitation of small quantities
of lead can be assured in 3 reasonable time.

(1:) The retention of the lead sulphate by the pad daring
conversion from chromate is complete under the conditions
described. The sulphating of lead compounds on the
filter-pad is a ireatment that can be used extensively to
save an operation.

(d) It is essential in the precipitation of lead molybdate
that an excess of the precipitaat should not be added
(|uickly, but must be added a little at a time until the point
of complete precipitation is reached, otherwise acid
molybdates are liable to form which would give high
results.

The following are a few examples of ordinary routine
work as compared with the usual fuming process :

—

Sample No. By fuming process. By chromate process
Per cent Pb. Per cent Pb.

A a'o6 3-07
B 0-433 0433
C 0-750 0740
D 1-50 1-49
E 1-66 1-66

F 1-63 164
G - 0705 0-703

.Standard solution cf ( =0-100 o-ioo
lead and pure copper 1=0-200 o-zoo

Mbthod W.— VolumitrU.

Time required to complete estimation about two hours
or less.

This method consists of the precipitation of the lead as
chromate from an acetic acid solution, and titration of the
iodine liberated by the chromic acid in a dilute solution of

hydrochloric acid.

The operations as far as precipitation of the lead
chromate are the same as in the gravimetric method
described above. The lead therefore having been pre-

cipitated as chromate is poured on to a paper pulp filter

and washed with warm dilute acetic acid (5 per cent) <nd
water until free from copper salts and excess potassium
chromate.
Now poor on to the pad cold i to 4 hydrochloric acid

(free from chlorine), allow to run into a clean 400 cc.

conical beaker, and wash well with cold water until all

the chromic acid is completely washed through.
The solution will now measure about 150 cc. and will

contain practically all the lead dissolved as chloride,

which, however, will not interfere with the subsequent
reactions.

THE CHEiVIICAL NEWS
Vol. CXVIII.. No. 3067.

T^OTES ON THE R.\PID ESTIM.\TION OF
LEAD IN BRASS AND AI.I.OVS.

By G. H. HODCISO.N.

The usual methods described in technical books for the
estimation of lead in brass and alloys serve eufliciently

well for occasional determinations, but are usually too
elaborate or slow for the rapid examination of large

batches 01 work.
This has been specially emphasised during the past

four years in the analytical v/ork necessary for the inspec-

tion of nonferrous metals used in the manufacture of

component parts of high explosive shells, all such metal
being subjected to a restriction on the percentage of lead
permissible.

The number of laboratory tests in connection with this

work was considerable, often exceeding 100 per day for any
one munition area.

Of the methods in general use the electro-deposition of

lead as the peroxide on the anode gives the quickest result,

but was not adopted on account of the elaborate apparatus
that would have been required, and also because of the
limitation in the weight of sample conveniently taken for

this process, and the general dilliculties in the deposition
which cannot be easily disposed of or controlled in routine
work.
The usual volumetric methods as published and depen-

dent upon the titration of the excess of the precipitant, or

direct titration to the apparent complete precipitation

point, were found to be inconvenient and unsatisfactory tor

general working.

The gravimetric method by fuming with sulphuric acid

was largely used at first on account of its comparative
accuracy, but when carried out in large batches was very
objectionable by reason of the fumes evolved, and in

addition the time taken to complete the analysis was tar

too long.

The following methods were finally adopted as being
the most convenient and easy to manipulate. Both have
been worked in conjunction with recognised methods for

estimating lead and can therefore be considered well

tested as to their accuracy.

The principal reactions are, of course, well known, but
had not been adapted for a convenient and rapid working
of the estimation.

The fir.9t modification consists in the initial precipita-

tion of the lead as chromate from an acetic acid solution,

converting to lead sulphate, and finally weighing as lead

molybdate.
The stability of lead molybdate on ignition offers con-

siderable advantage over the methods of weighing up
direct as dried lead chromate or as lead sulphate.

Method I.

—

Gravimetric.

Time required to complete analysis about four hours.
Weigh out 5 grms. of drillings (this amount is convenient
for brasses containing about i per cent lead) into a 730 cc.

conical beaker, dissolve in 25 cc. nitric acid (sp. gr. 1-4),

dilute with 200 cc. of water, add 20 cc. ammoniiim
hydrate (sp. gr. 088), or sufScient to precipitate the

copper as hydroxide, then add 20 cc. acetic acid (80 per
cent), or enough to produce a clear solution and leave a

slight e.xcess of acid. Now add 10 cc. of potassium
bichromate solution (3 per cent), shake round, and allow

to stand for not less than one hour.

Filter the precipitated lead chromate on to a paper-pulp
pad, and wash with water to remove the bulk of the copper,
and then pour on to the pad hot douches of 30 per cent
sulphuric acid (about 40 cc. will be required) until the
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The yellow chroinic acid may now be titrated by the

ordinary inetbod!!.

(.1) L'sing N/io ferrous ammonium sulphate and
titrating back with N 10 pctassium bichromate— using

external indicator of potassium ferricyanide.

(5) Of by adding potassium iodide (10 cc. ot 10 per cent
solution), and titrating the liberated iodine with N'lo
EOdiuni thiosulpbate, using starch as an indicator. The
second method is generally the most convenient.

I cc. N/io = o-oo69 grm. Pb,

Rtmarks.

The acid u<ted in taking up the lead chromate is im-

portant. Hot dilute sulphuric acid as used in the gravi-

metric process causes a reduction to chromic sulphate,

while strong hydrochloric acid evolves chlorine which is

partly lost during solution of the chromate.
The strength of acid i to 4 used cold causes no reduc-

tion as shown by the following experiments :
—

Strength of Cc. of Kl
ltd used in TilratioQ Percent Percent solution 10 per
extraction. f.gure. Pb present. Pb found, centstrength

1. Cone. g-a I's 1-27 3 (a)

2. Cone. 10-45 '5 i'44 5 (")

3. i-i II-4 1-5 157 5 (i)

4. I— I II-2 1-5 1-54 10 (c)

5. I—

g

11-25 15 I'SS 5 ('')

(1. 1 — 2 11-30 i'5 1-55 to {'')

7. 1-3 10-95 1-5 1-51 5 (e)

8. I—

3

10-95 1-5 1-51 10 (f)

Q. I—4 li-o 15 1-51 10 (e)

10. I—

4

no 1-5 1-51 20 (e)

(a) Solution green, reduced.

(b) o-io blank from iodine liberated by acid,

(f) Not good end-point.

(d) Blank 005 from acid. Good end-point.

\e) Good end-point. Blank negligible.

With a bulk of 150 cc. on adding 10 cc. of 10 per cent

potassium iodide solution there is usually no precipitation

of lead iodide, and the end point obtained by the addition

of starch is quite sharp.

The following routine results worked on the ordinary
gravimetric fuming process and the volumetric method as

outlined will show the eNcellent accuracy obtainable, in

addition to which the method is dean, rapid, and can be
worked in big batches.

Gravimetric, Volumetric, by
Sample. by fuming chromate and iodine

II...SOi. titration.

Per cent Pb. Percent.

H 1-39 1-40

I I -Co 1-58

J 1-68 1-68

K 1-37 1-39

L 1-46 1-47

M 1-42 1-40

1=o-2o 0-201
= 0-50 0500

i-oo X02
M. of M. Laboratory,

Townhcad Street, Sheffield,

Roysl Institution.— Next Saturday, February i, at 3
o'clock. Prof. H. P. .Mien, Professor of Music, Oxford
University, will deliver the first of a course of three

lectures at the Royal Institution on " The Works of J. S.

Bach," with musical illustrations by members of the Bach
Choir. The Fiiday evening discourse on J^nuary 31 will

be delivered by Prof. II. II. Turner on "Giant Suns."
0.-1 April 4 Prof. Frederic ILirrison will deliver a discourse

on " The H story of the City of Constantinople." The
Exhibitions in tb: Library on Fiiday evenings, which
Wire discontinued during the \\'ar, have now been
resumed.

KIMBERLEY DL-VMONDS : ESPECI.\LI.Y
CLEAVAGE DIAMONDS.*

B) 1. R. SUTTON, MA., Se.D., F.R.S.S..\.

(Continued from p. 34].

2. Comparative Slaliities 0/ Large Diamonds.
One of the most noticeable points of difference between
the diamonds produced from this or that mine in the Kim-
berley group is in the matter of size. Taking all diamonds
of in carats each, ot greater, we have the following
comparison :

—
Ratio of Number of

Total Average total weight diamonds
production sizeof ofdiamonds of, or

in diamonds exceeding 10 exceeding.
Year, Mine, thousands of, or carats to to carats

of carats, exceeding, total each in every
10 carats, production. ico,coo

carats
Carats. Percent, produced.

i8g8 De Beers .

.

1897 18-2 12-25 674
1S98 Kimberley.

.

652 170 11-65 684
1912 Wesselton.. 560 15-5 2-32 140
1912 Bullfontein 893 14 9 097 65
1912 Dutoitspan. 504 200 1702 850

Thus diamonds exceeding 10 carats each in weight are
relatively infrequent at Bultfontein, and average small

;

whereas upwards of one-sixth of the Dutoitspan yield
consists of stones averaging 20 carats each.

This is remarkable, seeing that these two mines are so
close together that they could even be worked (though
perhaps not very profitably) from the same main shaft,

and possibly ha\-e, as we have iu!^t said, some under-
ground connection. Comparing one mine with another,
the rule is essentially : The greater the average size of
diamonds exceeding 10 carats each, the greater the ratio

of their total weight to the total production, and the
greater their number in every 100,ooq carats produced.
Kimberley Mine deviates slightly from the rule in the
second particular.

3. Less Obvious Difltrences.

Besides ell this there are the subtle differences, pre-
viously alluded to, betsveen the diamonds from dinerent
mines, which, though they (the diamonds) may be called

by the same name, have yet an undoubted dissimilarity

one from the other made up of almost indefinable distinc-

tions of lustre, brilliancy, crystallisation, appearance,
texture, and general tone. Among other things there is

the characteristic rippled surface of a Dutoitspan
diamond as compared with the smooth surface, often with
numerous triangular indentations, of a Wesselton diamond,
and as compared with anotierfrom Bullfontein. The pas-

sages cited at the beginning— which are not really indepen-
dent statements— really understate the case. A person not in

daily contact with Kimberley diamonds would naturally
not be able to recognise these ditterences, but an expert
can do so more readily than might be supposed. Single
stones of every quality, it may be added, do not occur in

all mines.
Slight differences have been suspected, and may indeed

exist, between the lustre of diamonds won from diiterent

depths in the same mine. The evidence, however, is

hardly stronger than that of mental impression based
upon memory. While the expert may honestly think that

the diamonds now mined are brighter, or less bright, than
they used to be, there is just the possibility that bis eyes
may have deteriorated or his memory been at fault.

Moreover, it is not practicable in the process of mining
to keep the diamonds belonging to different columns of

the same pipe entirely separate, and also the columns may
not be of the same relative cross-section throughout, so
that at one level in the mine the output may consist of a

• From the Trtmaclimi) ef tht H'vul Society of South Alricj,
\\\., Part I.
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greater proportion of diamonds from one column tban it

does at another level.

4. Ocliihedra.

The perfect octahedron is a rarity. Perhaps a few
dozen have been found in the mines of the Kimberley
group in forty years, and one at any rate of these was
found entirely enclosed in another diamond— which sug-

gests the possibility that any octahedron of a perfect

shape, with sharp edges that is, may have spent its

existence, until it reached the surface, inside another

diamond. Bauer's statement that " the edges and corners

of the crystals (of Kimberley diamonds) are always per-

fectly sharp, not even the faintest trace of rounding can
be detected, " is not even approximately true. Yellow
octahedra are rare. The common bright yellow diamond
is nearly always rounded.

5. Colours.

Orange-coloured diamonds are only found, as a rule, in

the Wesselton Aline. This is curious, too, for u priori

one would have expected to find them in mines where
yellow diamonds abound, i.e., in De Beers, Kimberley, or

Djtoitspan. They ate practically always m misshapen
fragments, like their associated minerals garnet and
zircon, and doubtless owe their condition to much the

same causes as wore or broke dawn those. They are

nearly always small, not often exceeding r carat, and not

more than hall a dozen or so of them are found in a month.
They keep their original colour pretty well, as a rule, after

cutting. In the collection of brilliants exhibited in the

Kimberley office of the De Beers Company is a beautiful

rich orange-coloured diamond weighing i carats, cut from
one of the largest of such fragments yet found. G. H.
Smith's assirtion ("Gem Stones," rgi2, 151), that the

"Wesselton Mine yields a large proportion of flawless

octahedra, but above all a large number of beautiful deep
orange diimonds," is perhaps approximately true as to

the first half, but not reasonably true as to the second.
Pale lilac fragments are met with at rare intervals, and

one reddish lilac diamond has been found and preserved,

which, in shape, is like a long, flat bean, and yet has
natural, though possibly secondary, faces.

Now and then stones with a greenish cast are found,

chiefly in De Beers and Kimberley. They range in colour

from a faint chrysolite green to sage. The lighter greens

are nearly always found among rounded octahedra, and
the colour appears to be concentrated in the crystal

corners, and hence almost enti.ely disappears in the

cutting, as we are told and should half expect. The sage
greens are disappointing as brilliants ; though they are

uncommon they are not prized, for they have no life and
little beauty. Steel blue and sapphire blue diamonds, like

those from the Premier Mine in the Transvaal, have not

been found near Kimberley.
Brown diamonds ranging in colour from smoke-brown

to chocolate are found, those of the latter colour rare and
precious as brilliants when they possess "lire." Beautiful

pale brown and autumn brown stones, of large size up to

a hundred carats but of flat and irregular habit, used to

be found in the Pool. Inexperienced diggers have been
known to throw them away, mie,taking them for " Dutch
bort " (zircon). One fine piece, worth upwards of £^200,

was ascertained to have been thrown away by one debris

washer alter another before it finally reached the market.
Such stones cut very well. Their early history in the

pipes must have differed much from that of the majority

of diamonds.
After all, if the truth must be told, the common yellow

diamond is far the most beautiful of all, and it would be

esteemed the most if it were less common. And it has
this advantage, which a good many v/hite stones have not

—that it is full of fire by day or by night. The great

Tifi^any lemon-yellow brilliant is a proof of this affirma-

tion. Judging by descriptions and by glass copies, it is a

Dutoitspan diamond. (The Tiffany diamond is commonly
said to have been found in the Kimberley Mine in 187S,

The diamond fields newspapers of that year, however, do
not report such a find).

Stones showing slight colour effects under the polari-

scope are not at all uncommon, but they are conceivably
not so common as is sometimes asserted. The statement

that nearly all Kimberley diamonds show signs of great

internal strain is no more than assumption based on casual
examination of a comparatively few specimens, and is

scarcely more likely to be generally true than the old idea,

still believed by many—that all diamonds phosphoresce
after exposure to sunlight. How many South African

diamonds ever go near a polariscope ? (Crystals and
crystallisation have always provoked random theories.

Note, e.g., the old and utterly unobservant idea, endorsed
by no less a philosophic autocrat than the " Encyclopxlia
Britannica," that "hoar frost is nothing but dew turned
into ice by the coldness of the air—3td edition, 1S9-).

(But see Sir William Crookes's Kimberley lecture on
Diamonds, 1905).

6. Bort.

Perhaps the bjrt class is the most interesting of all,

" Bort " as a commercial term includes inferior representa-

tives of all the other classes besides true bort. True boit

consists of crystalline aggregates nf tiny particles

arranged anyhow in rounded lumps. The prevailing

colour is grey, and in the mass it is opaque. But very

elegant cubes and spheres of this material, ranging in

colour from fawn to dove, occur which are quite

translucent. Typical Wesselton bort is a sort of semi-

translucent substance, black by reflected light, with a

lustre remotely reminiscent of tourmaline. We meet with
occasional fragments of black bort, an amorphous material

perhaps more nearly allied to carbonado tban to true

diamond. This occurs in greater abundance in the

Transvaal workings than at Kimberley, and pieces have
been found on the Vaal River and at Jagersfontein. It

occurs in the form of irregular lumps, and is not favour-

ably regarded as diamond at all in the market. A beautiful

and unique specimen of this class, in shape generally

rounded but with the corners sticking out, much like a De
Beers' yellow stone in habit, is in my keeping. D. P.

McDonald has described a piece of this kind of bort in

" Notes on a Form of Black Diamond from the Premiet
Mine"*(rnr«j. Geol. Soc, S.i., 1913) This material is

known as framesite.

Bauer's statement that 90 per cent of South African

bort comes from the Kimberley Mine was wrong when he
v/rote it, and is still more wide of the mark now.

7. Stetijrtite,

The most interesting and most important individual cf
all the very diverse bort family is the substance for which
the name "stewartite" has been adopted, and which
claims a section for itself. This was discovered by J.

Stewart. It is of a steel-grey colour, with a dull steely

sheen, and is mote fibrous in texture than the types of bort

mentioned above. In hardness it equals the diamond,
but its specific gravity is rather less (S G -3'45). It is a

good conductor of electricity, like other borts. Its most
remarkable property, though, is that it is magnetic and
polar, and thus it has an important bearing on Crookes's

theory that diamond has separated out from molten iron.

Being magnetic, it must contain iron ; and because it

contains iron and carbon in association and is polar, we
might almost call it a steel bort. Hitherto iron had only

been found in infinitesimal quantities in the ash left after

burning a diamond.
The properties of stewartite recall those of the fabulous,

or alchemical, adamant of the Middle Ages, when a con-

fusion of ideas (for it is diflicult to conceive that then
could have been an adequate knowledge of the facts)

seems to have evolved an imaginary sucstance combining
the properties of diamond and lodestone. Chaucer seems
to have distinguished between diatnonds and lodestones,

though possibly not by intention, using the spelling
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" adamaunte»" for the latter and " adeoiauntz " for tbe i

loimcr. Thus (MortisD ed., ibb6) :
—

" Ryght as beiwix adamauntes twoo
of evene wjght, a pece of iren isette

Nebatb no inyghi to meve to no fro."
( The I'arlement o( Briddes").

.\nd so in " The Komaunt of the Rose."
Whereas

" The dores were alle adematintz eterne."

("The Knigbtes Tale").

Gower uses "adamaunt ' and ' adamant" in our sense

as "diamond." On the contrary, Shjltspere uses tbe

lame word ("M.N.D." II., i) in the sense of lodestone,

Ithough bis " bard-bearted adamant " has a flavour of the

diamond about it.

The " Oxford English Dictionary" has an interesting

article on the word " adamant," and a number of quota-

tions from English authors down to 1750, which proves

how little was known at hist band, or by experiment, of

the properties of either lodestone or diamond. By many
the adamant was thought to be a sort of natural opponent
of tbe lodestone, counteracting tbe attraction of the latter

for iron. Others regarded the adamant and lodestone as

identical, and thought that tbe diamond was tbe natural

opponent of both.

There is a good specimen ol stewartite in tbe McGregor
Memorial Museum at Kimberley. Tbe substance described

by Wagner (p. 143) is, uf course, not stewartite at all, but

black bort, the same as, or allied to, tbe black bort men-
tioned in tbe previous section.

8. Variation of Quality and Increase in the Output
oi Cleavages, ivith Depth of Working.

The question is often raised whether the average quality

of tbe diamonds found in tbe different mines deteriorates

with working depth. It is a difficult question to answer
definitely, because the methods of winning the diamonds
have improved with experience : so that sniill diamonds
which might have been lost twenty years ago are now
saved, and hence that tbe average value must decrease-

In other words, the proportion of good stones to bad must
decrease even if tbe larger ones are as good as ever they

were. In tbe table following are given for each year

igo2'i6 tbe relative proportions for Bultfontein of

—

1

.

Stones—i.e. , Close Goods, Irregulars, Spotted Stones,

and Flats

;

2. Cleavages ;

3. Rubbish and Bort

tbe mean working depth from which the diamonds were
v/on increasing in that time from about 300 feet to 850 feet.

Tbe first column gives the years, the second the number
of carats in thousands (M sorted for sale, while the others

rhow percentages of each class.

Table Showing the Percentages oj each Class of Diamonds
from the Bultfontein Mine.

Year. Carats Bortcd. Stones. Clea%agc3, Kubbish and

M. Per cent. I'cr cent. Per ccR

1902-4 265 2954 2903 41-43

tgos 2gi 3084 3487 34-29

1906 53.1 2887 36-27 3485
1907 506 2661 357.1 37-66

1908 iOS 2656 33-48 3996
igog 670 2505 32-01 4294
igio 678 2.v8g 34-08 4204
igti 778 23S7 357" 40-43

igi2 »5S -•312 36-63 40' 25

•9«.T 787 2225 36'.10 41-45

igi4 16 gy.1 2319 32-64 44-16

Tbe first line is not perhaps fairly comparable with the

others, since it represents the first years in which
systematic work was begun by the Ue Beets Company,
and no doubt soma clearing up from previous irregular

work by various small companies had to be done. But
from 1905 onwards there seems to have been a pretty clear

irtcrease, on the whole, in the lubbish and bott of about
10 per cent. At the same time the cleavages have been
very little affected, while the ratio of stones has decreased
from say 30 to 23 per cent. If we assume that the
increase of rubbish and bort is due to improved mining
methods, and reduce the ratio of rubbish and bcrt accord-
ingly, this would indicate that the quantity of stones found
has not decreased much, if at all, and may indeed have
increased somewhat.
With this there does seem to have been an increase in

the actual yield of brown diamonds as compared with the

rest. The following are the separate percentages of brown
and other cleavages :

—
Vcar.

19024
190S
1906
1907
1908
igog
igio
igii
igi2

1913
igi4l6

Whether any of this result is due to psychological
reasons is hard to say. Diamond coloration merges from
one class to another not by steps but imperceptibly. And
it might therefore be plausibly urged that some cleavages
uhich formerly were not brown enough to be called

brown are now so called ; or that it is likely that im-
proving markets have to some extent justified the pro-

motion of individuals from the rubbish into the brown
cleavages. Neither alternative has any trustworthy
evidence in its favour, and my own impression is that tbe

increase in the brown cleavages is real, tbe small devia-

tions from a uniform increase showing no definite rela-

tionship to the deviations of rubbish and bort.

The next table gives similar information for Wesselton
for the years from i8g8 to 1916—namely, the relative pro-

portions of

—

1. Stones—i.e., Close Goods, Irregulars, Spotted Stones,
Browns, and Flats;

2. Cleavages
;

3. Rejected Chips, Rubbish, ana Bort \

ibe mean working depth from which the diamonds were
won increasing in that time from 125 feet to Suo feet.

Brown cleavages. Other dcava-es

Per cent. Percent.

3-92 25-11

2-96 3I-9t

3"45 32-80

3-85 31-88

3-91 29-57
3-52 28-49

3-84 30-22

3-88 31-82

V»5 32-48
4-28 32 02
4-38 28-26

Table Sho 'oing the Perceiit.iges of etuh Class of Diamond
from the Wesselton Mine.

Rejection chips,
Year Carats sorted. Stones. Cleavages. rubbish and bort

M. Per cent. Per coot. Per cent.

1898 37S 31-72 17-06 51-22

1899 447 2953 15-47 55-00

I goo 308 28-14 l5-5« 5635
igoi 484 28-08 1633 55-59
igo2 541 2O65 1776 55-59

1903 580 25-97 17-86 56-18

1904 612 23 -86 19-ao 56-93

1905 5O7 2r98 19-39 55-63
igoO 59^ 24-41 20-56 55-03

1907 47-' 26-81 23-67 49-52

1908 397 25-95 23-86 50-19

I yog Ot8 25-56 2472 49-72
iqiu 5-:5 25-81 25-61 48-57

lyil 4<KJ 24-39 '3-43 52-18

igi2 512 24-17 24-87 50-96

I9>3 602 23-05 23-20 5«-75

191416 634 23-38 23-05 53-57
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Here we find, so far as the statistics can show it, a

decrease in the percentage of stones of about 7 per cent

(about the same as that of BuUfontein in a little shorter

time) ; an Increase of cleavage of about the.aame amount

;

and a remarkable fluctuation in the percentages of re-

jection chips, rubbish, and bort, the curve of these

showing, on the whole, a maximum in 1904, followed by

a minimum in 1910, and after that a rise to the present

time.

Curiously enough, the brown stones show a 'uniform

decrease v/ith time, whereas the brown clea\ ages show a

definite increase, thus

—

Year, Brown Stones. Brown Cleavajes

Per cent. Per cent.

1S9S 2-82 5-17

1899 3-IO 6'35

1900 2-97 0-44

igot 3-55 6'20

1902 3-33 7-15

1903 314 722
1904 262 819
I9U5 2-49 7 '63

190& 2-37 8-21

1907 2-65 965
igo8 2-29 9-61

1909 2Z8 1070
igto 2-17 10-84

1911 1-97 9-64

1912 1-89 io'i3

1913 I -go IO-57

igi4 16 3'12 1013

This !s an extraordinary result, and requites more
material for its full elucidation than has yet been accumu-
lated. It would appear from the face value of the rela-

tive numbers that brown stones have shown a greater

disposition to break up in the deeper levels of the Wessel-

lon Mine than in the upper ones. Also that brown
diamonds (stones and cleavages together) have increased

by about 3 per cent in eighteen years, the fluctuations

showing some, if small, agreement with those of rejection

chips, rubbish, and bort.

Comparing stones other than brown with cleavages

other than brown, we have

—

Year, Stones not brown. Cleavapcs not broun
Per cent. Percent

l8g8 28-89 II-8y

1899 2643 9-12

igoo 25-17 9-07

1901 24-53 lo-Ij

1902 23-32 Io-6t

1903 12-83 10 64

1904 21-24 Il-ot

1905 22-49 11-76

1906 22-04 12-35

1907 24-16 14-02

1908 2366 14-25

igog 23-28 1402
1910 23-64 '•77
igt I 22-42 1379
igi2 22-28 14-74

'913 21-15 14-6J
1914 16 21-26 12-92

Here we see that there has, apparently, also been a

disposition for these whiter diamonds to break up more
freely at the greater depths, although not to the same
extent as in the case of the brown diamonds. Kor

whereas in the five years 1899- 1903 67 per cent of all

brown diamonds was brown cleavage, in the five years

igog-13 the cleavages had increased to 84 per cent, an
increase of 17 per cent, the corresponding percentages for

diamonds other than brown being 29 and ,9, an increase

of 10 per cent. Moreover, in absolute numbers, the

chances preponderate that a brown diamond will be a

cleavage, whereas the odds are quite the other way when
the diamond is not brown. There is pretty well as much
brown cleavage as there is cleavage not brown ; the stones
other than brown outnumber the brown (tones by ten 10

one. Bauer, in one of his characteristic inaccuracies, has
stated that in the case of Cape diamonds " it is a remark-
able fact that these cleavage fragments ace nearly always
white—that is, colourless, or, at least, very faintly

coloured ; fragments of a dark colour, or of a decided
yellow, are extremely rare, so that we must conclude that

such stones offered greater resistance to fracture than did

the colourless diamonds' (p. 209). The above statistics

show just the opposite—that it is the colourless diamonds
rather which resist fracture, as compared with brown, at

any rate, although, as we shall seen when we come to

speak of Pool and Dutoitspan diamonds, yellow diamonds
are perhaps more resistant than white. Apart from any
question as to the influence of colour upon the cohesion of

a diamond, we should naturally expect cleavages to appear
somewhat lighter in colour than stones, for the same
reason that many cut diamonds appear lighter in tint than
they did when in the rough. A good deal of the colour in

some rough stones seems to be concentrated in the crystal

corners from which it is reflected inwards, so that if the

stones were to be broken the fragments would assume a
lighter tint. We have also to remem' ;r such a fact as

that the deepest coloured glass appears lighter in colour
when broken into small enough fragments, and quite white
when reduced to powder. Diamonds may look lighter in

colour because they are broken ; they do not break
because they are ighter.

9. Cleavages.

One point to be noted concerning what are called
cleavages is that some of them are not broken diamonds
at all. Wodiska 3 statement (" \ B^ok of Precious
Stones," igto) that " cleavage " means broken stones is

too uncompromising. "Cleavage" is a trade term which
indicates not only diamonds now broken, but those which
will have to be broken before being finally cut into gems
—potential cleavage, in fact. All very misshapen stones
and interpenetrating crystals, besides broken pieces, are

cleavages in the eyes of a Kimberley diamond merchant,
just as all fiesh is grass, and so are feathers too, in the

eyes of the philosopher. BuUfontein produces numbers
of these interpenetrating crystals, or cross grained stones,

as they are called. Some of them take strange forms.
A fine white one in my collection is like two maceheads,
w:th sharp, projecting points, joined together. The term
"cleavage" does not apply, however (as Bauer says it

does), to crystals containing spots which would have to

be cleaved before being cut. .\ crystal containing spots

is a "spotted stone," and is dominated dark, black, or

black rejection, according to its quality. Some of these

so called cleavages have evidently crystallised in a tight

corner, judging by their distorted outlines and by the fact

that sporadic specimens appear to have surfaces of attach-

ment like quartz. Others appear to have been broken at

ai early stage, and to have undergone further growth or

suHered resorption. It is truly remarkable how many of

these so-called cleavages seem to have been naturally

refaced either with a nascent or with a pocky surface.

The triangular indentations indicating growth—so
common on the faces of Wesselton octahedra—do not,

nevertheless, seem to occur on these naturally renovated

cleavage faces ; instead, sttiations like those on yellow

diamonds are the rule.

(To be continued).

Qas from Straw — It is reported from Saskatoon that

the Advisory Council of Scientific and Industrial Re-
search is establishing a plant neat the city for (Npetiments

to be made during the coming winter on the production

of gas from straw.
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THE CONFIQURATIONS OF ORGANIC
COMPOUNDS AND THEIR RELATION TO

CHEMICAL AND PHYSICAL PROPERTIES.*

By ARTHUR MICHAEL.

(Continued from p. 31).

Tin Rehlions betueen the Chemical Properliei and the

Configurations of Umaturatid Acids.

Addition.— In unsaturated acids the additive relationships

to (.itutture and stereo struciure are identical. Velocity

of addiiion depends on the quantity of the tree energy that

IS manilcst at the unsaturated carbon atoms or at the

carbjnyl group, and on its quality in respect to that of the

componems ol the addenda ; reactive capacity on the sum

total ol the free and bound energy and chemical affinities

that there come into play, which constitute the chemical

factors entering into the entropy increase (43).

The affinity values of the unsaturated carbons should

vary wuh the chemical nature of the other elements

in the molecule [Journ. Am. Chem. ^oc, igio, xxxii.,

995), and the magnitude of this influence should accord

wiiD their spacial positions to them, and should be in-

dicated in the "scale of combined influence " (Ibid., 1910,

xxxii., 999 ; 1912, xxxiv., 849 ; 1918, xl., 708J. Further-

more, the nature of theit effect should be to change the

affinities of the licarbon atoms in the direction of their

own values to the addenda, and owing to the "chemical

plasticity " o( carbon its free energy must be extremely

susceptible to such influence {youru. Am. Chem. Soc,

igio, xxxii., 995). Substituting a hydrogen in ethylene

by an acid radical containing oxygen changes the

affinities of the A-carbon atoms in the direction of those of

the latter element; i.e., it reduces the values for halogen,

although it increases their free energy. The resultaiit of

such a structural change is to diminish the addition

velocity and the addition capacity for halogen in propor-

tion to the affinity constant of the acid whose radical is

introduced, and to the number ol such groups. This

influence is greater in unsymmetrical than in symmetrical

substitution, as the change in affinity values of a single

A carbon must be the dominating factor in determining

the velocity and capacity of halogen addition.

The accumulation ol such acid r.idicals, or even a single

one when it is so negative as NO2, at a Acarbon atom

may reduce its affinity value for halogen to practically nil,

and addition will not take place. Corresponding replace-

ment by alkali increases the affinity ol the A-catbon atoms

for halogen, but decreases theit free energy ; both of the

changes are in proportion to the positivity and number of

the groups introduced (Michael, yourn. Prakt. Chem.,

1899, 'z j, Ix., 432). Substitution in this case results in

an increased velocity of reaction, but a number of very

positive radicals, like the tertiary alkyl groups (he. cil.,

43J, footnote 4; 1901, Ixiv., 107; Ber., 190O, xxxix.,

2790), through the reduction of the free energy in the

A-carbons atom, may result in practically no change or

even a lalling off in the veloc.ty.

The shifting of the unsaturation from the a,fl- to the

)3,y position removes the A-carbons from the 3,1 to the 4,5

place from the oxygens, and, since 3 is much more im-

portant than 5 in the " scale," the velocity of halogen addi-

tion in monobasic acids with similar configurations is greatly

increased (Sudborough and Thomas, Journ. Chem. Hoc,

igio, xcvii.. pp. 714, 2 150). Methyl introduced into acrylic

3 6

acid in the fl position, i.e., CII, to the oxygens, reduces

the negativity of that element more when it is in the cis

than in the ttans-pOKition, and in accord with this relation

ii the greater addition velocity of allocrotonic over

ctolonic acid.

• From ihe 'Joiiin.il of I'm Ametican Chtminl icciely, xl., No. u.

5«
This accelerating influence of cis- ever tranE-CH3 ia

again shown in the larger values of angelic acid (ig x lo-S)
over tiglic acid (ggxio-S); ^-dimetbylacrylic aciii

(700x10-:) shows a very large Increase, owing to both
the methyl groups influencing the same A-carbon atom,
and a further great augmentation ocean in trimethyl-

acrylic acid (2200x10-)), which is due to the strong
4 5

positive influence of the CH^ on the o.sygens. As would
be expected the extent of the influence of the methyl
group IS modified with larger primary alkyl groups, bat

not the relative relations in the homologous steteomeric
derivatives ; thus the mal. oleic and erucic acids add
bromine with greater velocity than the respective fam.
derivatives (Sudborough and Thomas, he. cit.).

The influence of bromine and methyl on the additive

capacity for bromine in acids of the type KjC — CS(COOH),
has beerjiteated by Bauer {Ber., 1904, 3318, xxxvii), who
gives the rule that addition occurs until R is entirely replaced

by Br, or Br with (" neben ") methyl (44). Perbromoetbane
decomposes on beating into petbtom methylene and bromine
(.Merr and Weith, Ber., 1S78, xi., 2239), and since re-

placing a Br in the latter body by carboxyl greatly

diminishes the affinity of the A-carbon atoms for halogen,

the inertia of tribromoacrylic acid accords with theory.

Replacing a halogen in this acid by methyl should
facilitac addition, and that substitution and not addition

producti have been obtained from the stereodibromo-

crotonic acids (Pmner, Ber., 1895, xxviii., 1877), is prob.

ably due to the replacement of the methyl hydrogen atoms
by halogen preceding easier, under the conditions of the

experiments, than halogen addition.

The addition velocities of such bromo-acids have not

been investigated. In acids of the same group a mono-
a-Br derivative should unite less readily than either of the

Bteteo-/J'Ptoducts, as in it the retarding influences are both
exercised on the same A carbon atoni ; and in the latter

compounds the trans- easier than the cis-form. Further,

the effect of replacing hydrogen in these acids by alkyl

should be to accelerate the velocity in the order of trans-,

cis-, and a-substitution.

The affinity of nitrogen for bromine is also extremely

small, but that CN reduces the additive capacity more
than COOCiiH:,|.f I, in the same position to the A-carbon
atoms (Bauer and Moset, Ber., 1907, xl., 919 ;

yourn.
Prakt. Chem., 1905, '2'_, Ixxii., 201), is the result of

the partial neutralisation of the negative energy in the

oxygen atoms by the positive alkyl group. This effect

shows itself, too, in the easier additivity of the esters

under comparable conditions over the corresponding

Aacide, which should increase with the relative poiitivity

of the alkyl group.

In several addition reactions with compounds whose
A-carbon atoms show but slight additive capacity for

bromine, a balanced reaction has been observed (Bauer and
Moser, loc. cil.). which is due to the affinity of the solvent

employed for the halogen. Indeed, the preliminary

formation of a " pol /molecule " of halogen nnd solvent

undoubtedly precedes the addition in some cases, which
explains the sometimes observed dependence of the

velocity on the solvent, notwithstanding that the

compound and the addition product are both in

solution.

It is generally accepted that the fum. modification of

the dibasic, a, 3,A acids shows a smaller addition velocity

for halogen than the mal. form, but 8in:e the insolubility

of a A acid as well as that of the product of addition are

large deterring factors (Michael, yourn. Prakt. Chem.,

1S95, [2" . lii, 291), and they are usually greater in the

fum. product, no sure conclusion is furnished by the avail-

able experimental data. According to Anschuetz (45),

{Ber., 1879, xii., Z23a), the esters of maleic and fumatio

acids, whose energy relations (tee under " Density") and
physical properties ate much closer together than those in

the acids, add bromine approximately with like readiness,



Chesiical News, I

JiD. 24, igig I
Configuration of Organic Compounds. 43

even with the methyl estets where the (urn. form ia a solid

and the ma), derivative is a liquid.

A comparable tboagb smaller approach in the energy

contents and in the pbyiieal properties takes place in the

dibasic acids with the teptaeement of a nnclear hydrogen

atom by an alkyl group, and accordingly the additive

velocities of sacb derivatives lie closet together than those

of the mother sabstances.

Since citraconic anhydride and mesaconic acid unite

readily in sunlight with bromine, an increase in the addition

capacity with nuclear methylation is indicated theoreti

cally. In reality dimethyl-maleic anhydride and dimethyl-

fumaric acid do not unite at all with bromine (Fin\g, Ann.,

1898, ccciv., 117). The spontaneous anhydrisation of

dimethyl-maleic acid has been explained as resulting from

the spacial approach of the axial A-carbons, which must also

occur in dimethyl Inmaric acid, and it is possible that this

slight spacial distance may be a deterring factor (BischofT,

jfahrb. Chem., 1890, i., 176).

Although the anhydride does not add bromine the

methyl ester of the correspOiiding acid does so readily

(Baeyer, Ann., 1890, cclviii., 162), and the anhydride

itself unites with chlorine (Michael and Tissot, journ.

Prakt. Chem., iSgt, [2],xlvi., 382; 1895, lii., 34o)' These

facts do not necessarily conflict with the above view. O.1

the one hand, the chemical nature of the ester gives its

axial A-carbons greater additive power than those in the

anhydride and their segmentation is less, and, on the

other hand, chlorine has not only more free energy and a

greater afTmity for carbon than bromine, but a smaller

atomic volume.
Alkylene iodides decompose readily with loss of the

halogen. The replacement of a hydrogen by carboxyl

adds to this instability, and in a direct relation to the

spacial distances of the oxygen atoms from the carbon

atoms joined directly to the iodine. This reduction of the

affinity value is so great with the a, S, A-carbons in ethylenic

acids as to render such addition products unstable under

ordinary conditions; i.e., these acids do not unite with

the halogen (46).

It may seem anomalous, therefore, that the a,8-

acetylenic acids are able to add iodine (Libetmann and

Sichse, Bcr., 1891, xxiv., 412 and 2588; Bruck, Ber.,

1893, xxvi., 845) ; although very much less readily than

chlorine and bromine. There are several reasons for this

exceptional behaviour. First, iodine shows a greater

affinity than chlorine for oxygen, and a further decrease

is shown by bromine (47) ; the carboxyl must therefore

relatively decrease the affinity values of the completely

A-carbon atoms for the halogens, inversely in the order

named, since there is no hydrogen joined directly to them

to offset these affi.nily relations. Second, the affinity of

carbon for halogen increases with unsaturation {yoiifn.

Prakt. Chem., 1900, [2], Ixi., 4.t8), which is undoubtedly

connected with the accompanying increment in the free

energy (48),

£ii»««»i(J(«oii.—The writer (yourn. Pyjkl. Chem., 1895,

[2], lii.,289; Ber., 1901, xxxiv., 4221) showed experi-

mentally that the relative ease of addition of halogens and

halhydrio acids to unsaturated derivatives, and the

elimination of the addenda from the addition products,

stand in a direct relation, even when stereomeric com-

pounds are involved in the reactions. A theoretical

foundation of these relations is possible in the dibasic acid

series, but is less evident for monobasic derivatives, and

the question will not be cons dered in this paper.

Werner (" Lehrb. d. Stereochemie," 1904, p. 210)

believes that the relation could have been foreseen from

Oitwald's (49) "law of reaction stages" ("Grundlinien d.

Anorg. Chem.," igoo.p. 213), according to which the least

stable of the possible reaction compounds is always

primarily formed. The direct formation of fumaroid

addition products from acetylene derivatives and halhydric

elds or bromine, not 13 mention other facts, renders such

a conclusion untenable, as they also do Osiwald'i sup-

posed law.

.According to J. WUlicenus the addition of halogen to

ethylenic, stereometie compounds, and subsequent
elimination of halbydrie acid from the addition products,

with the acceptance of cis-processes, leads to an inversion

in the stereometie types. Notwithstanding that such cis-

proceeses, generally speaking, have long since been
experimentally dieproven, and also that attention was
called to the fact that the intraconversion of the mal. into

the fom. derivative, and vice versa, was not dependent on
the above theoretical explanation (Michael, yourn. Prakt.
Chem., 1895 [2] , Hi., 362), such stereomerie reactions are

still frequently quoted as evidence in favour of Wislicenus'
views (50). As far as has been investigated all such
additions to stereomeric ethylenic compounds are trans-

processes, as also are the eliminationt of halhydric acide

from the addition process (Michael, loc. cit.; Journ.
Am. Chem. Sac, igi8, xl., 714). These relations were
elearly indicated in the behaviour of the acetylenic com-
pounds, where the additions are largely or completely
trans-processes, and where trans-eliminations proceed
more readily than cis-processes, since the intramolecular

shifting of atoms or groups, which is involved, experiences
greater hindrance in them than in the less unsaturated
ethylenic derivatives.

Notes.

43. If a solvent is used, and it enters into the composi*
tion of the"polymolecule,"it may radically influence both
factors, but especially the velocity (Michael and Hibbert,
Ber., igo8, xli., 1091).

44. The latter statement is too vague and broad ; it may
be correct if changed to read Br and one 3-metbyl. Per-
broniomethylacrylic acid should add bromine.

45. Unfortunately no quantitative data on this in-

teresting subject are known.
46. It is probable that the monobasic ethylene B,y-

and 7,^ acids are capable of adding iodine. If so, the first

derivatives should unite somewhat more readily, and
their addition compounds should show less instability

towards heat than the isomeric products from the tatter

acids.

47. For this reason, and because of its greater free

energy and larger affinity value for carbon and hydrogen,
chlorine should require more carboxyl or nitrile groups
than bromine to prevent addition. The difference in the
behaviour of such relatively quite negative carbon towards
these halogens is characteristically shown by CO. Prob-
ably all or at least most of the unsaturated compounds that

are inert towards bromine should be capable of uniting
with chlorine.

48. The relations in the addition of halhydric acids to

A-acids will be treated in a separate paper, in connection
with the influence of solvents on the course
of the reactions, which has been reinvestigated
experimentally.

49. The statement of facts in the form of a rule is not
an explanation, as Ostwald supposes, and the reactions
advanced in its support, e.g., the preliminary formation
of hypochlorites and the products of progressive oxida-
tion, leads one to believe that he not only overlooked
Dalton's atomic theory, but that each salt is formed alone
under given experimental conditions. The " rule " is

illustrated graphically by steps leading to the highest
product of oxidation, and the statement is made that " a
further step (' Stnfe ') between chlorate and oxygen is

realised when KCIO3, or another chlorate, is carefully

heated." This reminds one of S. C. H. Windler'e [Ann.,

1840, xxxiii., 308) famous conversion of Mn(CiH30-)i
into Cli4.HiO, and Ostwald was unaware that most
chlorates do not yield perchlorates.

50. For instanca, in Stewart, " Stetcochemlstry," 1907,
p. 18a; Meyer-Jacooson, "Lehrb. Org. Chem.," igio, i.,

487 ; also In namerous paperi in chemical literature.

(To b( contiausd).
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By ALAN A CAMPBEH, SWIVTON,
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(Contintitd from p. ").

Thu inipottance of provoking an interest in scienlifio

eubjfcis is para^iiount, and once the inteiest is created

(hose interested can follow matters up in particular spheres
by special reading. What is wanted is to awaken a taste

for scientific literature, after which the puisait of the fairy

tales of scientific discovery and invention will by many be

found much more fascinating than the literary rubbish
upon which so large a mijority of the population fritter

away their time.

Though, according to the testimony of experience, great

inventors are born and not made, the creative power of

inventors, at any rate in its highest form, being a natural
gift which cannot be acquired by any amount of study,
still with the increased spread of scientific knowledge that

suitable education must bring about, invention is bound to

benefit greatly. I'or one thing, persons gifted with in\ en-

live genius, who without scientific knowledge would only
be able to apply themselves to comparatively simple pro-

blems, will with the larger vision that a good scientific

education will give, keep off the impossible projects on
which some quite ingenious, but uneducated, inventors
waste their energies, and will be an.xious and able to tackle

questions which otherwise would never have come within
their purview. To this end, however, the education must
be suitable ii kind and not of such a description as by too
much learning is apt to cramp originality. Again, with
more knowledge persons may find that they possess inven-
tiveness, who otherwise would never have made this

discovery. .\s regards scientific research and discovery,

the case is perhaps more simple, as much useful research
can be carried on by persons who are destitute of any high
degree of originative faculty—painstaking and methodical
powers of observation, which can certainly bi developed
by training, being the chief requirements for much of the

work. I'or great generalisation and discoveries of llie

first order, the highest degree of inlEllect wili no doubt
still be requisite, but it is hoped that with the increase of

knowledge a greater number ol persons will find that they
possess these natural and unacquirable attainments.

There is a fallacious notion abroad that pract cally all

great scientific work has been done by the poor. No
doubt necessity is the mother ol invention, and poverty in

every v/alk of life often acts as a considerable incentive.

So far as the facts aie concerned, however, let us remem-
ber that at least two of our greatest scientific di5Co\ crers,

namely Robert Uoyle and Henry Cavendish, were the

possessors of great inherited wealth, and that there are

other instances of a similar character. Indeed, but for

their wealth and the leisure that they thereby enjoyed, not

a few of our mo-^t eminent men of science would probably
never ha\ e brought their labours to fruition, while there

are many instances of inventions that could only have
been made by persons who had the command of much
money. J imes Watt could ne\er have accomplishtd what
he did without the wealth of his partner Doulton, and to

come to more modern times the development of the steam
turbine, which entailed year^ of cosily cxpeiimcnting

without any adequate financial return, is another case in

p )int. It is the old story of one mans meat being an-

other man's poison. Some temperaments require the spur

of necessity to make them exert themselves while for

others the grinding task of providing daily sustenance for

themselves and their families suffices to exhaust their

energies and leaves nothing for other endeavour. In the

literature ol Industry wc frequently come across accounts

of the poor inventor who, though almost starving, by
superhuman endurance and perseverance eventually

' An Address delivered at the opsninn meeting of the i6y\\ Ses'.ion

of the Koyal Sociciy of .Arts on November 20, igiS. rioni ihe

Journal oj the Koyjl Society 0/ Arts.

achieves success. We hear nothing, however, of the
countless others in whose cases "Chill penuly repressed
their noble rage, and fro^e the genial current of the Boul."
If poverty may be deleterious in the case ol individuals,
it is still more so when we come to consider larger units
such as whole industries, and there can be no more snre (act

than that no industry is^in a healthy condition, or is likely

to advance and increase, which does not make good profits.

Just as John Stuart .Mill feared that the limited number
ol notes in the audible musical scale would in time lead to

the exhaustion ol all possible melodies, so there have been
those who have thought that scientific discovery would
before long come to a stop owing to the dearth of subject-
matter and to the limitations of the human intellect.

Whatever may be the fact in regard to music, nothing
could be more erroneous than this idea in respect to

Science, for the reason that every new discovery and
invention opens up the path for others, and thus the
scientific horizon surely widens year by year. Indeed, so
'ar from discovery and invention being likely to come to a
stop, both arc sure to CNtend at a rapidly increasing rate,

particularly if we have more Science taught to young
people and greater encouragement given to scientific

workers with consequent addition to their numbers. In
the comparatively new fields o( radio-activity, electro-
magnetic radiation, synthetic chemistry, chemical
catalysis, electrical osmosis, photo-electricity, and corpus-
cular matter, to mention at random only a few of those
that readily occur to one, the prospect seems practically
illimitable. Moreover, new materials with new properties,
whether elementary substances such as the new gases —
.\rgon. Helium, Krypton, Neon, and others ; the so called
rare earths—Thorium, Cerium, Yttrium, Scandium, and
the rest

;
or new alloys and compounds which chemists and

metallurgist? keep providing for particular purposes, afford
fresh means for pursuing research. We have also new
mechanical appliances of all sorts, and new methods
which enable us to obtain on the one hand, in the electric

furnace, tempiratures approaching in heat to that of the
sun, and on the other hand in special refrigerators to cold
quite neat to that of space and of the absolute zero— tem-
peratures both high and low, quite beyond reach only a
few years ago. .Vgain we have learnt how to apply pro-
digious mechanical pressures and hew to obtain gaseous
vacua on unpiecedented scales. We can produce and
employ electric currents and pressures, and both electric

and magnetic fields, of intensities previously unknown,
and measurements of all kinds can be made with a delicacy
and an accuracy almost beyond belief. The number of
these things is much greater than there is time to record
here, and their importance is intensified by the fact that
each reacts on the others with the production of more, so
that the tools and agents at the disposal of research are
continually being added to. Nor, if we turn from pure
science and its possibilities and means for discovery to
inventions and the science that is applied to utilitarian

uses, is the case in any wise different. Here again the
tflects are cumulative, both discovery and invention
assisting to bring still further invention within our reach.
The petrol engine, originally invented for propelling boats,
and later adapted to driving land vehicle: , has rendered
possible the conquest of the air by the aeroplane, as also
the depths of the sea by the deadly submarine. Bell's

telephone, that instrument of almost sublime simplicity,

which, as originally produced, was intended for trans-
mitting speech, is now used for receiving the inarticulate

signals of wireless telegraphy, which could hardly have
reached its present development without it. I'notography
and its sensitive plates and papers are now applied in

radiography and in other directions of which the original
photographic inventors never dreamed. The metal cerium
firit brought into notice by its being a necessary consti-

tuent of incandescent ga-j mantles, now in I'ocket lighters

helps the smoker in thene dif'licult times to dispense with
matches. The vacuum jacket, invented by Sir James
D^war for keeping liquid air cold, is used to day for
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keeping things hot. Radiunn, which when discovered by
Madame Curie was only a scientific curiosity, has many
applications in medicine, and is now used to illuminate

watches and instrument dials so that they can be read in

the daiU. The gyro,«t3t, which is a development of ths

child's spinning-top, and used to be merely a scientific

toy, is now the foundation of a description of ship's com-
pass, which points to the true and not to the magnetic
north pole of the earth, and without which the navigation

of submarines would be almost impossible. Tungsten,
which a few years ago was unknown in true metallic form,
now constitutes the filamenls of all out incandescent
electric lamps, while the discoveries of Crookes, J. J.

Thomson, and others in connection with rarefied gases

have rendered possible the so-called half-watt lamp of

sarptising ei^oiency. By an electric process as old as the

time of Cavendish, who discovered it, nitrogen from the

air is now being extracted to make nitrates so necessary
for agricultural fertilisers and for explosives, which latter

have their uses apart from their application to war-
fare. The cinematograph of the modern picture palace

has developed out of the old wheel of life of the days of

our childhood. Indeed the list that could be compiled is

almost endless.

O.^e of the most interesting of modern inventions is that

of wireless telegraphy, and it is also one which appears to

presenr great scope for improvement and extension. There
is a mysterious fascination that captivates the imagination
about these wireless signals, which come over hundreds
and thousands of miles of space without any visible or

tangible means of connection. Vet, as a matter of fact,

they are in nowise more wonderful than telegraphy by
wire. Indeed, had, as might quite have been possible, the

wireless method been the first to be discovered, then our
wonder would have been excited at the ease with which by
means of a wire of minute section, the signals could so

easily be conveyed over prodigious distances in any direc-

tion to any required point. For the wireless system is

really analogous to the uproarious fog-horn, whose signals

are sent out far and wide in all directions, for all who have
ears, and arc within range of the sound, to hear ; while

wireless telegraphy more resembles the speaking-tube,
whereby much smaller sounds are conveyed from the

speaker to a particular listener at the other end.
Now during the past five years the improvements made

in wireless telegraphy, and also in wireless telephony, have
been very important, but as yet it is not admissible to

discuss them ; besides, my subject is rather the future

than the past. One matter, however, is within public

knowledge, and that i« the increased and still increasing

amount of news that we get in the papers that appears
under the beading of " Per Wireless I'ress." Indeed
wireless tslegraphy appears to be developing at last in

what has always appeared to me to be its proper field,

which is not so much to communicate bstween one indivi-

dual and another, but rather for the communication of

intelligence broadcast over Ihe earth, " Urbi et Orbi"—to

the city and to the world - to boirow from the famous
wording of the Papal benediction from the Loggia of St.

Peter's in Rome cf bygone times. No doubt maritime
wireless communication between ships, and between ship

and shore, hitherto its most useful application, is another
case altogether, and supplies a want that telegraphy by
wire cannot meet at all. With this we are already
familiar, while the use of wireless as a voice that can
speak simultaneously to points on every portion of the

earth is in some ways a more novel proposition.

No doubt some persons who had private wireless

stations of their own before the war, were used to getting

time signals from Paris from the Eiflcl Tower, and from
Nauen in Germany ; while a few of those who had
mastered the difficulties of reading the Morse alphabet by
ear, were able to decipher whether reports from these

places, as v/ell as from our own Admiralty, in addition to

general news from Poldhu in Cornwall, and from one or

two other large stations.

What I have in my mind, however, goes much farther
than this. In London tape and column-printing telegraph
instruments operated by wire, that record sporting, parlia-

mentary, and general news, have long been familiar
objects in clubs and hotels, and have become a portion of
our daily life. Nosv there is no reason at all why similar
priming instruments, which he who runs can read, should
not be operated by wireless means, not only in London
and other large cities, but throughout the country, or even
throughout the world. Special transmitting stations using
different wave lengths could send out the messages, while
separate printing machines, tuned each to respond to
the wave length of a particular transmitter, at each re-

quired point, would receive and record them. No con-
necting wires, costly both a? regards first expense and as
regards upkeep, would be required, but only suitable
aerials at each transmitting and receiving station.

Some regulations would be necessary to prevent inter-

ference, and as wireless wav;s, travelling as they do
thtough the ether of space at the enormous speed of
i86,ojo miles per second, recognise no international
boundaries, they would have to be universal. Thus arises
a fitting opportunity for the League of Nations. For the
distribution of news io the press nothing coulJ be better
or more economical, while there is no reason why clubs,
hotels, and private houses everywhere .lould not also be
thus supplied with the latest intelligence. For in wireless
telegraphy it costs no more to send signals to a thousand
receiving stations than to a single one, and there is practi-
cally no limit to the number of the stations that can simul-
taneously receive signals from a single transmitting
station. To some, this sketch of the universal disitibution
of news to all and sundry may appear fantastic, but it is

not really so at all ; for, at any rate as concerns an area
no larger than Western Europe and the British Islands, it

is well within the range of practicability at the present
time, and only requites a litile working out to arrive at the
best arrangements. Nor is this all : spoken words of the
human voice have already been intelligibly transmitted
by wireless across the Atlantic between the United States
and Paris, a feat that has never been accomplished tjy

cable ; and there is no reason that I am aware of, why, in

the near fuiure, we should not have a public speaker, say
in London, in New "V'ork, or anywhere, addressing by
word of mouth and articulate wireless telephony an
audience of thousands scattered, may be, over half the
globe.

Great things are at present being foretold as to the
marv.=ls that we are to see in the way ef the electric distri-

bution of energy throughout the whole country from a
small number of giant generating stations. Indeed, the
subject is considered of sufficient importance to be men-
tioned in ths Pnm.e Minister's election address, which in

itself is surely a sign of the times. The hope is held out
that elecliic energy is thus to be so cheap that it will

supersede every other kind of energy, .not only for driving
our mills, our machinery, and our railway trains, but also
universally for cooking, heating, and other domestic pur-
poses. Great improvement over our present parochial
methods according to which Parliament, in its wisdom,
has divided up the country into an enormous number of
absurdly small municipal electrical areas, which are far

too limited in consumption for any reasonable economy to

be obtained— is no doubt possible, but let us not be too
sanguine. Some of the highest and most experienced
authorities are of the opinion that the limits of economical
generation and distribution are already being reached in

the case cf some of our larger systems, and that when we
get above tens of thousands of hotse-power, the step to

hundreds of thousands does not effect more than a small
percentage of saving, either in first cost, or in cost of

working. There is also the question of material for the
distribution conductors. Excepting silver, which of course
is out of the question, pure copper, which is almost as

good as silver, is the best electrical conductor we know of,

and the amount of copper in the world is of course
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limited. No doubt by raising the electrical pressure, the

amount of energy conveyed through a given conductor
with a given lof*^, can be largely increased. Bat again
there are limits to the endurance of insulating materials

that can be obtained at a reasonable cost, though perhaps
there is more obvious scope in regard to this than as

regards increasing the conductivity of conductors. In a

recent speculative article of .American origin by Ur.

J. A. L. Waddell, I notice that the writer prophecies the

discovery of an alloy of ten limes the conductiv ty of

copper, but, so fer as we at present kno'.v, all alloys have
a worse and not a better conductivity than their elemen-
tary constituents ; and though, so far as I am aware, no
special investigation has ever proved that this is a natural

law that cannot be overcome, still conversely there are no
data to show that improvement can be looked for in this

direction. True, Dr. II. K. Onnes, of Leyden, has not long

ago shown that, by reducing the temperature of metals to

the tenipsrature ot liquid helium, or to within less than 4"

of ihe absolute zero of temperature, or more than 450^
below zero Fahrenheit, these lose practically all resistance,

and become nearly perfect conductors. Under these con
ditions an electric current, once started by an electromotive

force applied to a cooled mercury ring, was found to per-

sist for hours after the eleciromotive foice had been
removed

—

truly a startling effect, and one calling to mind
Ampere's theory of permanent magnetism, according to

which the magnetism is supposed to be due to molecular
electric currents that persist indefinitely, btill, even to

those most anxious to do their best to believe in the

wonders of the future, the cooling of electrical conductors
by passing through them streams of liquid helium, in the

case of the thousands of miles of such conductors that

are requisite for electrical distribution, does not appear to

be a very practicable proposition. However, results like

those obtained by Onnes give one furiously to think, and
there are other solutions that are possible though at pre-

sent far from without our grasp. For instance, no one
knows what improvement is yet to be obtained in Ihe con-

ducti^ ily of metals by further purification, and especially

by freeing them entirely from occluded gases. Electro-

lytic copper, which is specially pure, has alr;ady a con-

ductivity measurably in excess of what was obtainable by
the older methods of refining, while it has been found that

in the case of palladium the extraction of the occluded
hydrogen materially improves the conductivity. Possibly

similar treatment might lead to important results with
other metals. The subject is still largely unexplored, but
if any such practical method could be devised for diminish
ing the resistance of conductors, it would be a most
important matter, as the enormous amount of copper at

present required for any very large and widespread
scheme of electrical distribution presents a very real

difficulty.

(To be continued).

PROCEEDINGS OF SOCIETIES-

PHYSICAL SOCIETY.
OrJiiiary Meeting, November 22, iyi8.

Prof. C. li. LeL», President, in the Chair.

A " Xole oil the Linguistic Nomenclature oj Scientific

Writers " was read by Mr. A. Cami'DELL.
The Note insists on the importance of clear and con-

sistent nomenclature and the avoidance of foreign plural

forms, such as media, genera, raiiivectores, ice. The
ttrm pulsaliiice is suggested as a suitable name for

2ir X ftequengy.
DiscfssiON.

Mr. A P. Troitf.r said that he often thought the

valuable work done by Prof. S. P. Thompson, Mr.
Uuddell, and Ur. Russell in connection with the nomen

clature of electrical engineering might hate been taken up
in connection wiih other sciences. The Americans were
coming new scientific terms much too fast— in photo-
metry, for instance—and many required careful definition

and the restriction of their use to their proper spheres.
The work on the Electrical Engineering NomencUture
Committee had been most interesting, and he thought a
snnll committee of the Physical Society could profitably
take the matter up.

Ur. .\. RLssiiLL congratulated Mr. Campbell on raising
an interesting question. Personally he was indebted to

Mr. Campbell for many wjrJs. As regards classical

plurals, it was always rather unpleasant to him to hear
words like memorandums, radiuses, c^c. Lemma had been
mentioned by Mr. Campbell ; he always regarded this as
being an English word as much as Greek, and thought in

most cases it should be lelt to the literary sense of an
anthor which form ol plural to use. As regards w, this he
always looked on as the angular velocity of a rotating
vector, and had never found it necessary to use a specific

word for it.

Prof. G. W. O. Howi; pointed out that one could not
correctly say "an alternating current with an angular
velocity w," since the angular velocity had no reference to

the physical alterniting current, but only to its graphical
representation ; one could avoid the difficulty by saying
that the current had a freepjency fji-n. Some years pre-
viously, when he had been on the staff of a firm in Berlin,

there was a strong feeling among a number of Cierman
engineers against the introduction of non-German technical
words. The word Telephon was replaced by F'ernsprecher.

and objection was taken to such words as booster, the
synthetic German compound word being insisted upon.
.\s an indication of the interest taken in such questions,
it may be mentioned that, by a mutual agreement among
the members of the staff of one department of the works,
anyone who at the luncheon table used a word which was
not of pure German origin was fined for the benefit of a
common fund.

Prof. A. \V. BicKERTON said that he had found a serious
deficiency in words when working out his new cosmic
generalisation, and had found it convenient to coin several
new terms. For instance, he had used the wcrd hinetol

to represent the kinetic energy of unit mass, and tkermxtol
the amount of thermal energy per unit mass, iS:c.

Mr. C. C. P.\Ti;usoN said that the termination ivily to

indicate a specific quality of a material was one that
should be more widely employed. He thought the ter-

mination -ance should always be carefully limited in its

application. It was dangerous to limit the meanings of
all words too closely, as there are then no words left for

•general conceptions. The Americans have already used
up nearly all the available terms, and earmarked them for

particular meanings. Almost the only one not so trsated

is light.

Prof. Lees said that we appeared to deligb] in language
irregularities. For instance, probably everyone was agreed
on the pronunciation of the words nation, n.itional, but
what about the similar pair r.ttion, rational ?

Mr. T. Smuii (communicated remarks) considered that

the note called attention to a matter which bad been
neglected to a most unfortunate extent. He must plead
guilty to having regularly used some of the plurals to which
the author took exception, the forms used being, so far as
he had noticed, those most frequently employed. .\ liberal-

minded committee charged with the duty ot admitting and
systematising new scientific words and encouraging their

use would be of great assistance at the present time, but
there would unfortunately be a considerable risk that a
committee appointed for this end would contain a strong
conservative element, which would perhaps tend to grow
dronger as time went on whose object would be to

^:'.rangle words struggling for recognition. An illustration

of the unfortunate tendency in English to combine two
words on one of which a large variety of meanings was
thrust, rather than to coin short new words for lunda-
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mental ideas, could be drawn from optics. The wosd

powir was used by itself to denote a definite property of

a lens ; the same word was also used in resolving power,

there being no connection between the powers in the two

cises. Agiin, itiagni/ying power was used of telescopes

and microscopes with different meanings in the two cases.

Many other illustrations could be given, but it was clear

that the time had come when an attempt should be made

to deal with the matter systematically.

Mr. Campuell, in reply, said he had been much in-

terested in the various comments. He would like to draw

Mr. Trotter's attention to the work which a nomenclature

commilltee of this Society had already done. Df.

Russell's remarks mainly amounted to saying that having

done a thing habitually he did not like to change the habit.

But very little practice gets over the repugnance. As re-

gards Mr. Paterson's complaint about over-limitation,

there were at present too many loosely used words in

scientific terminology. For instance, pressure had been

stolen from dynamics, and used to mean voltage or

potential difference. If chemists were to use the same

name for different things in this way there would be fre-

quent cases of poisoni-ig. He agreed with Prof. Howe's

objection to calling 2ir-r an angular velocity. He was

glad to hear Prof. Bickerton's remarks on the need of

new terms in astrophysics.

The following three notes were then read by Mr.

Campbrll :
—

"/I Note on Low frequency Microphone Hummers."

The note describes the conditionsof mechanical loadirig,

capacitance, ano position which the author has found give

successful working at low frequencies.

"A Simple Tuning Fork Generator for Sine-wave

Alternating Currents."

The arrangement consists of an electrically mamtamed
tuning fork, to one prong of which is attached to a small

thin coil with its axis perpendicular to the direction of

motion of the prong. As the fork vibrates the coil oscillates

in the field of a fixed horseshoe magnet and an approxi-

mately sinusoidal E.M.F. is set up in the coil. The fre

queney with the apparatus shown was 10 vibrations per

second. ^ . „ , ^ ,

'M Method of Comparing Tuning torks of Loin-

frequency andoj Determining their Damping Decrements."

The method consists in putting the wmdings of the

maintaining magnets in series with each other and with a

sensitive vibration galvanometer. The beats are clearly

iihown by the pulsations of the band of light on the scale.

Discussion on Previous Three Notes.

Mr. D. J. Blaiki-ev said that in connection with the

harmonics or partial tones there was considerable con-

fusion of terminology. Some writers confine the term

harmonics to those in arithmetical progression with the

fundamental. Partial tones not in this series should simply

be called partial tones. For instance, in a tuning fork

the first partial tone is not harmonic.

Dr. D. Owen thought the vibration galvanometer method

for comparing frequency and measuring decrements was

much better than any method using a telephone. vVhy

was the method principally applicable to low frequency

forks ? With regard to the tuning fork generator, he

could not see on what grounds Mr. Campbell states that

he gets a sine-wave current.

Mr. I. Williams asked if Mr. Campbell had tried an

electro magnet with this apparatus. One could then

control the shape of the field, and therefore the wave form

of the E.M.F.
,. , „

Mr. L. HopwoOD said he would like to thank Mr.

Campbell for the helpful remarks with which the demon

stration had been accompanied. If he had had that in-

formation early in the war it would have saved him a con-

siderable amount of wasted time.

Prof. Lees said he was interested in the point about the

influence of the measuring apparatus on the results. He
thought the effect would be very small. We know the

amount by which damping modifies frequency and the

pumping due to the power taken by the galvanometer was
very little. In connection with the position of micro-

phones he had once been csperimenting with a diaphragm.
When tilted so that the concavity due to gravity was
upwards, it worked tegulorly. In other positions it was
much less regular.

Mr. Campbell said he was Interested in Mr. Blaikley's

remarks. He was right as to the nomenclature of partial

tones and harmonics. Even Lord Rayleigh, he thought,

called the tone at 666 the first harmonic of the 100 fork.

So did the French writers. In reply to Dr. Owen, he only
mentioned low-frequencies because the method was the

only one suitable foi these frequencies. Higher frequencies

could easily be done acoustically. With regard to the

wave-form obtained with the generator, if one waves a bit

of paper rapidly to and fro in front of the galvanometer
shot it is clear that the E.M.F. is nearly of sine form.

This was all he claimed for it at present. With regard to

Prof. Lees' observations, he quite realised that the effect

of the damping on the frequency of the forks would be very

slight, but he was rather thinking of the effect of resonance
in pulling the two forks more ne.^rly together. The ex-

planation of the behaviour of the telephone diaphragm
mentioned by Prof. Lees might prob'bly throw light OT
the behaviour of the hummers. Hebbi never known why
the tilt was effective.

Prof. BicKERTON—Why is not the horizontal position

best, then ?

Mr. Campbell— Probably in that case the tighter

packing of the granules inteferes with the efBcient

working.

MISCELLANEOUS.

Employment of Demobilised Soldiers and Sailors.
—No more urgent task follows upon the demobilisation of

the forces than the re instatement in civil life of the

soldiers and sailors. The number of men to be dealt

with in this country alone makes the labour gigantic : bat

the machinery exists fcr perfoiming it, and it only remains
lor intending employers and employees to avail them-
selves of their opportunity. The Employment Exchanges,
assisted by the Local Advisory Committees, which repre-

sent equally the interests of both parties in every neigh-

bourhood, have the organisation ready for use. The
stafls of the Exchanges have been considerably

strengthened in order to meet the extra strain thrown
upon them. It is not generally known that branches have
been set up to deal with discharged men only, and in a

great number of cases special sections for disabled men
having been established. As far as possible, the work in

these new additions to the Exchange system is carried on
by men in the same position as those whom they ate

helping back to civil employment. Discharged men, with

no small proportion of disabled among them, superintend

the placing of discharged and disabled men. It has been
found that the less of an arm, of a leg, of two legs, and
even of eyesight is no insurmountable obstacle tc the per-

formance of efficient work, giving employers who will

employ the men, and the Exchanges which make use of

such men are patent examples of the fact that war, even
when it has dealt serious bodily injuries, does not unfit

the fighter for successful life as a civilian.

Determination of the Molecular Complexity of

Liquid Sulphur.—Alex. Mitchell Kellas.—The author
has found that, contrary to the statements of various

observers, the surface tension of liquid sulphur can be
determined by means of capillary tubes between the

melting-point (115') and the boiling-point (443'). Im-
purities (especially sulphuric acid, sulphur dioxide, and
hydrogen sulphide) must be previously removed. Sulphur

can be purified by distillation and subsequent boiling in

dry nitrogen, the gases evolved being pumped of). The
mean value for five capillary tubes gave surface tensions
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of 63-.|6 and 563S dynes res-pectively (01 1194' and lifi*.

The molecular complexity ol at least 93 per cent ot

mobile sulphur (S\) between 115' and lOj' is presumably
represented ty the formula Su, assuming the validity of

the Kamsay and Shield method of calculation. The
surface tension of viscous sulphur lalls continuously from

the melting point to the boilmg point, being ^S ? dynes

at 2.S0 and so'i dynes at (ij . The molecular com-
plexity alters about ib.i , and it might be stated a'l a

first approximation that an endothermic termolecul.ir

polymerisation appears to occur near that temperature

3S6 Z~^ l^0)3- The aggregate S,j seems to be stable up

to near the boiling-point. The polymerisation may be

due to a tendency of sulphur to lower its valency with

rise of temperature, the coi.^plex So possessing a residual

valency at r6o . Other methods of calculation of mole-

cular complexity seem tj emphasise the aggregate .Sg

but the results do not seem to accord with experimental

averages as well us thoie of Ramsay and Shield's

method.

—

journal of the Ckcvdcnl Soriity , No. 674, p. 903.

Electrolytic Disinfectant in InfJuenza. -In view of

the Meinoiandum on KriJemic Influenza v/r.ich has been
issued by the Royal C>llegi of Physicians of London
(Thi Lancet, Nov. 16, igiS), in which, as a preventive, is

recommended garghng the tnro.it wiih 20 drops of solu-

tion of chlorinated Sjda in a tumbler of warm water and
smiting up the nosa a solu ion ol common salt, Mr. F. \V.

Alexander, medical ofiijet ot health of Toplar, sends us

an account of tliv method adopted in that borough for

dealing with the outbreak. The drawbacks to using

chlorinated soda on a large scale are that it is diflicult to

make and has to be freshly prepared. 1 he electrolytic

fluid as made in Poplar contains common salt and hypo-

chlorite of magnesium (a solution of chlorinated mag-
nesium), it is alkaline and stable, and if it is necessary to

give it a tint permanganate of potash may be used for the

purpose, as it retains its colour when added to the solu-

tion. During the first three weeks of November 5370
gallons were distributed free in t!ie borough, the cost,

including that ot electricity and materials, being .^d. per

gallon (or about £ii per 5370 gallons). This fluid has

been available free in Poplar for the last twelve years,

and as soon as influenza broke out in the borough
handbills were distributed and the district pasted wiih

bills instructing the inhabitants to tinse the mouth,
gargle the thr.oat, and douche the inside of the nose with

the council's electrolytic disinfectant, which could be pro-

cured free at one of the council's seven distributing depots.

Mr. Alexander points out the advantages of installing

plants lor making the fluid, especially on ships and at sea-

side towns, where the electtolyte is always at hand and

always ready. It could be used immediately in outbreaks

of diphtheria and cerebrospinal fever.— TAf Lancet.

January 11, igig.

MEETINGS FOR THE WEEK.

Tuesday, aSih.—Royal InsiiiutU.n, 3. " Lessons of ihe War," by
Prof Speuser Wilkinson.

Wbdnesday, 29th.—koyal Society of Aris, 4 30. "Food Production

by Intensive Cultivation," by F. Keeblc,C.B.E.
THrRSDAV, 30lh.—Royal Institution, ^. "Chemical Studicscf Oriental

porcelain," by P'of J. Norman Collie.—

—

Royal Society. "Investigation of extreme Ultra-

violet Spectra with a Vacuum Grating Spectro-

graph," bv I- C McLennan and R. J. Lang.
" On the Absorption Srccira and the lonisation

Potentials of Calcium, Strontium, and Batium,"
by J. C. McLennan and J F. T. Voun^.
•* Vacuum Arc Spectraof various Elements in the

Extreme Ultra-violet," by J. C McLennan, 1) S.

Ain<ilie, and D. S. Fuller. " Emissinn and Ah-
Gorptton in tbo Inr'a-:ed Spectra of Mercury,
^inc, and Cadmium," by R. C. Dearie. "Meafturo

ment of Mdynetic Susceptibilities of Low Order,"

by U. Wilson. ' Lsperimental Determination of

tho lonisation Potential for Electrons iu llelium,"

by F. Hortou and Ann C. Davies.

Friday, 31st.—Royal lustituiion, 5.30 " Giant Suns," by Prof. IL H.
Turner.

Saturdav. Feb. i8t.—Roval Institution, 3. "The Works of J. S.

Bach,"by Prol 11. P. Allcu.

CHEMISTS.
TH E facilities afforded by the Appointments

Register of the INSTITUTE OF CHEMISTRY
are availaDJi:, freo of charge, to Companies and Firms
ttquiring the Services of r^operly qualified Analytical,
Rcsearcn, and Technological Chemists, and to Iniverti
lie-;, Collej^es, Technical SchooU, \c., requiring Teachers
ot Cbemisiry and Technology.
The War has brought to many manufacturers the realisation that in

iht: ^rest majority of prodiiciive industries the a^Bistance of an adequate
staff of properly trained and qualified Chemists ib not only essential
but highly prolitable.

Many quali^cd Chemists with valuable practical experience in
analysis, in research, in plant control and mauagement wiU ebortly be
available.

During the past four years the Institcti; or CHEtiisTRv has been
the chief ai^ency through which Chemists bav« been engaged for
Government Service both with the t-'orccs and in industries connected
with the War.
With the approach of more normal conditions, the Institute is now

co-opeiatinti with the Appointments Department of the Mmiatry of
Labour, which 15 concerned with the Re-aettlemcnt of Officers, aid is

also in touch with a lar^e number ui Cheraisia who ha\ e been engaged
under the Ministry of Munitions and in controlled establishments
Companic-i and Firmn arc therefore invited to notify their require-

ments to the Registrar of the Insiitute.

The rdquiremenls should indicate li ) the industry, (ii.) the general
nature of the duties 10 be eutrusted to the chemists, {iii.l the salary
and prospects attaching to the appointments, and (iv.) to woom replies
should be addressed.

In cases Mherc appointments at salaries of :Cj03 a year and upwards
(wi;h pro.^pects) are offered, a gnod selection of dindidates m^y be
expscied.

All communications to be addressed :
—

THE REGISTRAR.
INSTGTUTE OF CHEMISTRY,

30, Russell Square, London, W.C. 1.

A ssistant Assayer (aged about 25) required by
^* Birmingham firm of Rulliofi dealers, i&c. Knowledge of Gold
and Silver Assaying desirable. Permanent position. Good prospects.
Stats age, experience, and salary required.—Address, "A 25." Ch£M[>
UAL Nkws Office, 16, Newcastle Street, Farringdon Street, London.
S.C.4-

A ssistant Chem st and Metallographist wanted
^ ^ for modern Iroi and Steel Works. Must be competent for
responsible position. Giv e references and state age, quahhcaiions,
and salary required.—Address, " Metals," Chemic.\l News Office, 16,
Newcastle Street, Farringdon Street, London, E.C.4.

A'^hemist, with several years' experience,
^^ desires post in Works with a view of obtaining experience in
Technical Processes; Oil Fuel or Food preparation preferted. At
present on active ser\'ice in France —Address, K. K ,Chemic.m. Nswi
Office, 16, Newcastle Street, Farringdon Street, London, K.C. 4.

\A,7'orks Analytical Chemist required. One
» ' conversant with Soap Manufacture. Nicotine Extractions, and

.Agricultural and Horticultural Preparations. State full particulars
and salary required.—.\ddress. \V. A , Chf.mical News Office, 16,
Ne\scasile Street, Farringdon Street, London, E.C. 4.

Y\7anted, Copper - lined Steam jacketted
^^ V.\CUUM PAN; capacity about 200-300 gallons.—Ad-

dress, V. P., LHKMicAL News Office, 16, Newcastle Street, Farringdon
Street, London, E.C. 4<

('HEMICAL SOCIETY.- FOR SALE,
Vv* "Journal"atd " ProceedinKa" of Ihe Chemical Sociely. ignrS
(bound), igo^-17 (unho-jnd) ; eleven years complete. What olfers '

—

Apply, V. C. S , 7, Blelchley Koad, DIcichlcy, Bucks.

ORDER THE PAPER.

In consequence of the " llo Returns Order" of the

Government, readers of the "Chemical News" are

requested to ensure a regular supply of the paper by
placing an order with their Newsagent.
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pologists, November 19, igiS.

THE MOTOR FUEL PROBLEM.'
By W. R. ORM.VNDV, D.Sc.

The author proposes to give in this piper a yisiime of
some of the more important aspects ot a very important
subject, rather than to bring forward original ideas.
Tne motor industry may be classed as one of the

greatest in the world, and yet little systematic investiga-
tion has been made with regard to the foundation on
which it has grown up. A conservative estimate of the
annul! wages paid in the manufacture of motor bicycles,
motor-cars, and heivy vehicles such as motor buses and
lotties would be ^10,000,000, without taking into account
the dependent industries devoted to the manufacture of
all classes of accessories The wages bill of the latter,

and the wattes paid for the repair, upkeep, and accom-
madatio'i ot the large humbet of vehicles in use, are
practically impossible t^ estimate.' The industry has
attained such magnitude in the U.iited States of Amstica
that a motor vehicle his come to be looked on rather as
a necessity than a luxury. There is no doubt that the
demand for motor fuel will increase to an enormous extent
after the War, not only for the types of vehicles men-
tioned above, but also for motor-propelled bojts, agri

cultural appliance;, and aeroplanes. The normal demand
for motor-spirit in this cjuniry alone would now amaunt
to some 200,000,000 gallons per annum, and this country
is not exceptional.

The best known fuels at present in use ate the petroleum
products, and practically the only source of supply of

petrol in the early days of the industry was the United
Slates. 0;her oilfields were, however, developed as the
demand grew and the output of our important Anerican
field fell off, and suppliers were enabled to meet the
increased demand, largely by the employment of cracking
processes and the recovery of spirit from natural gas. It

is probable, however, that, although the supply may be
sufficient to meet the demand for some years to come,
the rapidly increasing demand will render necessary the
adoption of substitutes for petrol at no very distant date.

Fuel may be conveniently divided into three physical
groups, viz., solid, liquid, and gaseous.

01 the form»,r class, coal, coke, and charcoal are the

most important to be considered. Coil may be employed
in two ways, either in a suction or other gas producer
plant, the gas being used to drive an internal combustion
engine, or as a fuel for steam raising. The former alter-

native presents many difficulties, more especially when a
bituminous coal is considered, the most serious of which
h perhaps the difficulty ot washing the gas. It is, how-
ever, possible that such a system may find an application

in the heavier vehicles. Tne prospecis of steam-driven

motors are somewhat more favourable, although it is

hardly likely that, even in heavy vehicles, the steam-
engine and boiler will become a serious competitor of

the internal-combustion engine.

Much attention has recently been devoted to the use of

coke as a fuel in the Clarkson motor-bus, which formerly

ran on paraffin, until the high price and scarcity of the

latter fuel became serious. Wood charcoal appears to

have little future, owing to its bulk and high price, uut

there appear to be distinct possibilities of the use of

charcoal produced from woody lignites found in Ireland.

It is well known that ordinary to'vn gas C3n be success

fully used in high-speed motors, about 250 cube feet of

normal gas being equivalent to a gallon of petrol. This
knowledge has led to the extensive use of coal gas for
testing engines, and also to i,ts use on the road, but' the
development ot the latter calls lor the design of a suitable
container to carry gas under high pressure. Valuable
investigation work in this direction has been undertaken
by the Government, a Co/nmittee having been appointed
under the chairmanship of Sir noverton Redwood." ,.,,.

Turning now to the liquid fuels, the paraffin series cah
be divided into three classes—first, the more volatile prq-
ducisof distillation classed broadly as petrol ; sjcond,
what Is generally known as paraftin; and, third, silar or
fuel oil, used in the Diesel and semi-Diesel engine, and
as fuel for steam raising. Of these three classes the firsr
IS undoubtedly the most important, including as it does
benzol, a coal-tar distillate, which gives excellent results
in a p.'rtrol engine with very slight alteration of the latter.
The earlier forms of bee-hive coke-ovens for the pro-
duction of coke have been largely superseded by by-
product recovery ovens, which are equipped with the
necessary plant for the recovery of the volatile by-produojts,
amounting to from ij to ,3^ gallo.ns per Ion of coal
carbonised.

The fractionation of 'coal-tar prodnced in gas-works
yields a small quantity of volatile liqui..s and a larger pro-
portion of oils. Recovery plants have now been installed
at most of the large gasworks for the recovery of benzol
and toluol, from one to two gallons of these hqui'ds being
obtainable per ton of coal carbonised. It is probable that
some 50.000,000 gallons of volatile liquid coal-tar distil-
lates per annum will be available after the Waj.
By the distillation of biiuminous shales, of which

immense beds are to be found in Great Britain, a series of
liquid products can be obtained ranging from a volatile
spirit to a heai y lubricating oil. This industry is at present-
little developed, except near Glasgow. These shales yield
also sulphate of ammonia, which is of value.as a fertiliser,

and the shales found in England contain a considecahle
percentage of deleterious sulphur compounds, which
tender purification processes necessary. It will be neces-
sary to devote much attention to the distillation industries
in the future.

A liquid which merits serious consideration as a petrol
substitute is alcohol. Although its calorific value is tower
than that of benzol and petrol, and it is not so readily
inflammable, the fact that it can be produced cheaply antf
in largo quantities make it a serious competitor as a fuel'

for internal combustion engines. It can be produced from
materials containing starch, sugar, ot cellulose, but at the
present time it would hardly be possible to consider its

production from sugar- and starch-producing materials, as
these ate nearly all requited for foodstuffs. With' the
present agricultural outlook in England, however, with
prospects of growing more cereals, greater quantities of
root crops must be produced, and the result will be over-

produc'ion of turnips and mangolds, unless land is put-

under beet, which indeed is a better cleaning crop than
mangolds or turnips. As heavy a yield nf sugar-beet can
be obtained in this country as on the Continent, with iC

sugar-content as high or even higher. By adopting this

expedient, a portion of the internal demand for sugar
could be met, and the residue of the beet would be avail-'

able for the manufacture of industria alcohol. At the
same time sugar-cane residue could be utilised at various
centres abroad to supplement the home production. .

Hitherto alcohol has been produced industrially from,
poiafo-starch in Germany, from sugar products in France,"
and from maize in America; but in this country the.

Government has not encouraged the producii'in. The
preparation of alcohol from potatoes was not adopted in

Germany on account of cheapness, but' in order tb

encourage agriculture. Imported molasses or msize and
many other products would be cheaper, but the adoption
of one or other of these would hot have enabled a large

population to live on the land. The average price

obtained for alcohol potatoes 'was only about 22s; pe '
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ton, but after dititillalijn the residue was available lor

cattle, and the epilation of the distilleries afTjrdcd

enipl.iyment during the winter. Tne yield of 95 per cnit

alcohol would be about 20 to 25 gallons per ton of

potatoes, but a much higher yield, of ttie order of 73
gallons per ton, may be obtained from grain, owing to

the higher percentage of starch, and alcohol could be

produced in some ot our colonies at a price of about 3^d.

per gallon tor raw material.

Much attention has b^en devoted to the production of

alcohol fron^i cellulose in America, an output ol 30 10 40
gallons per ion of wood treated being obtained. Ttie

initial difficulties have to a large extent been overcome,
but there is still room for much experimental work.

Sulphite wood-pulp residues have been used to a large

extent m Norway and Sweden, and it is expected that

both of these countries will become independent of

foreign supplies of motor fuel. Tnis piocess would be o(

litile interest in England, but there arc great possibilities

in it for some of our colonics. The same remarks apply

to the synthetic prep-raiion of alcohol, which depends on
the availib'l'iy of ethylene and acetylene, for the pro

duction of which chemicals cheap electric energy is

essential.

Many plants consuming alcohol existed on the Conti-

nent before the War. and t.xpciience witn them goes to

show that a higher thermal efficiency can be obtained

than with petrol, and that no special corrosion takes

place, contrary to what has been so often urged as an

objection. For use with engines designed to run on
petrol alcohol alone wou d not be suitable, but a mixture

of two parts oi alcohol to one of benzol gives good results,

p-o\'idtrd that suitable means are adopted tor heating the

!r supplied to the carburettor, and that a somewhat larger

jet is used. The present supply ol bcnz>l, with a pro-

portional amount of alcohol would therefore gD lar

towards meeting the present demand for 'uel, and could

always be supplemented by the production ol an ethyl

ether from the alcohol itself. Further, the supply ol

benzol could be considerably increased by paying atten-

tion to the distillation of low grade coals, but the practi-

cability of installing recovery plants naturally depends on
the price commanded by the motor fuel. There is no
doubt that the question of cheap power will be ol

enormous importance in the future, and that the provision

of cheap power is largely dependent on the utilisation ol

cheap and hitherto wasted materials. Gis works would
be more ready to devote attention to the recovery of

benzol if gas for private consumption were sold on the

basis of calorific, rather than lighting, value.

I'he increased demand for petrol of late years has led

to the supply of a Iquid of higher boiling point and
higher specific gravity, but a certain propornon of con
Etituents of lower boilmg-point is necessary in a motor
to facilitate starling. Benzol is a suitable constituent for

such a mixture, and its use would enable petrols of even
higher boiling-point to be employed. The price of petrol

has hitherto been the highest that the public will pay,

but the queslirin of a cheap and reliable fuel is one ot

naiiTnal impoitance. It is important therefore that the

output of brnzol should not get into the hands of petro

Icum companiep, as, if it did, they would have an
obvious interest in opposing the preparation of alcohol on

a large scale. Tne motor luel problem should be laced

and solved at once by united action on the part of motor-

builders and users, and revision of the present Excise

l^ws should be secured.

The use of a new furl brings in its train new problems
in lubrication. Trouble has been experienced in bearings

when a mixture of paraffin and petrol has been employed
as fuel, probably owing to the reduction of the viscosity

of the luhticaling oil by the admixtuie of a quaniiiy

of the paraffin with it. There is great need of research

work, not only in this connection, but also with reg:ird

o the best limits within which alcohol-benzol mixtures

can be employed and tbe viscosity ol various mixtures.

Further problems arise in connection with the amount of
water which can be contained in an alcoh 1 benzol
iiiixiure, and the possibiluy of adding paibffii. com-
pounds, and the rate ol flame piopagaiion in alcohol air
mixtures.

The problem of the development of alcohol as a fuel
has received much attention in recent years, and a
number of Cominiitees have been formed, but although
ihcy have been unanimous in deciding that alcohol is

the only suitable alternative fuel in view, there has been
no practical outcome of their deliberations. An Inter-
Dcparimeiital Government Committee is now in existence
to deal wiih the subject ct alcohol in its aspect as a
motor fuel, and it is to be hoped that with the lull

suipitt of the motor indusiiy it may achieve usclul
results.

ON THE OXIDATION OF COAL.

By J, R. PARTINGTON, D.Sc.

In an interesting recent paper on the subject of the
iXiJation ol coal at l.jw temperatures. Dr. R V. VVneclct
(rroHj. Chem. 5'oc., IQ18, cxiii.-exiv., 945) has explained
some valuabl- experimental resuhs by a iiypoihesis which
he states as folljws :—" The first step in the oxidation of
coal IS the formation of an addition compound, or com-
plex, of oxygen with one or more of the substances present
in coal."

It IS suggested that this hypothesis, which is of
itsell not very probable, does not account for the observed
rcsuhs, and that it should be replaced by another
hyp /thesis, which it is the purpose ol this nite to explain.

It a mixture ol gases is brought in contact with freshly hewn
coal depiivcd ot its occluded gos, adiurplion takes pUce on
the surface of the coal. If moisture is present in the
gases it will be adsorbed in larger quantities than the per-
manent gases, so that the permanent gas adsorption with
dry air should be greater than with moist air. The
adsorbed layer ol gas, being under high pressure, will react,
more or less rapidly, with the coal, and oxides ol carbon
will be produced. If the adsorbed gases are pumped off
there will therefore be found in them oxides ol carbon in
amounts depending on the time the adsorbed gas has
remained in contact with the carbon, and residual atmo-
spheric gases. If the air was initially moist, the amount
of permanent gas will be much less, because ol the pre-
ferential adsorption of moisture, which occupies the
adsorbing surface with greater tenacity, to the almost com-
plete exclusion ol permanent gas, which is adsorbed with
much l=bs tenacity.

Further, if the process whereby atmospheric gases are
taken up by coal is one of adsorption, the pressure of the
air biought in contact with the coal will at first fall very
rapidly for a short period, and will then gradually fall off
antil adsorption equilibrium is reached. If the adsorbed
layer peneirates into the bulk of the adsorbent the very
slow final fall of pressure may go on for a very 1 mg time,
as has been shown by the experimtnls of McBain.
The adsorbed layer will then begin to react, possibly

slowly, with the production of oxides ol caibon. There
is tverv reason to btlieve that the primary pioduct ol the
interaction of carbon with oxygen is carbon monoxide
alone, as has been maintained by D xon. The reasons for
this conclusion may be briefly summaiised as follows :

1. When perfectly dry carbon burns in perfectly dry
oxvgen (i.e., the substances dried over phosphoric
oxide-) carbon monoxide is almost the sole product
(Baker).

2. \Vhen the diamond burns in a current of rxygen a
flime of burning carbon monoxide app.-ars
(Macquer .

3. Wnen a thin bed of incandescent coke is blasted
with air large quantities of carbon moncxide are
produced (daily experience).
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There is reason to believe that when carbon dioxide is

produced it is always produced as a result of an interac-

tion with water, the latter acting as a catalyst in the

manner described by Dixon :—CO + H2O =C0jH2.
The carbon dioxide produced in the oxidation of coal

is therefore probably derived in this way, or else by

the direct interaction of adsorbed moisture with carbon :—

C + 2H20 = C02+ 2Hj.
The hydrogen produced may be wholly reoxidised. Or

retained on the absorbent, or traces may escape. Dr.

Wheeler does not appear to have looked for hydrogen in

his gases, although tbis is a most important point.

Let us now see how this hypothesis explains the results

obtained by Dr. Wneeler. We may conveniently give

these in the form used in his paper, as it will then be

obvious how many more important results, on which be

lays little or no emphasis, are completely in accordance

with the new hypothesis.

1. "The absorption of oxygen " [nothing is said of the

nitrogen and moisture which are equally important] " by

newly won bituminous coal is initially very rapid, even at

ordinary atmospheric temperature, but this rapid absorp

tion soon gives place to a slow but long-continued

absorption."

Tbcse results are exactly what one would expect if the

phenomenon were one of adsorpiion ; the adsorption

would occur more readily at lower temperatures (a lact

overlooked by Dr. Wheeler, who speaks of "even at

ordinary atmospheric temperature "). Il the reaction were

one of combination, with formation of a complex oxide

of carbon, we should, on the contrary, get an absorp-

tion until the dissociation pressure of the oxide was

reached, when the pressure would remain constant. Ii

gas IS now pumped ofT, the pressure should remain constant

and equal to the dissociating pressure of the oxide, until

the latter is completely decomposed, when the pressure

should fall rapidly to Zero. I do not know if Dr. Wneeler

has ever noticed the latter effect ; it is a necessary conse-

quence of his hypothesis.

2. "The initial rapid adsorption of oxygen at low tem-

peratures is not accompanied, as far as could be ascer-

tained, by the forma'ion of water or oxides of carbon, but

during the second slow phase of the absorption these pro-

ducts of oxidation make their appearance, the amounts

increasing with the temperature of the coal."

These results are equally well explained on either

hypothesis ; the appearance of the products during the

second phase is due to their displacement from the

adsorbed layer by the unaltered atmospheric gases, which

then begin to have an influence on the adsorption

equilibrium.

3. "The ratio, CO2/CO, in the products of combustion

remained appreciably constant for a g.ven coal at a given

temperature throughout the long-coniinued slow absorp-

tion of oxygen, the ratio decreasing with increased

temperature."
Tnis result is at once explained if the oxidation occurs

through the intermediary of moisture, since the ratio

COi/CO in the water-gas equilibrium is decreased by an

increase nf temperature. It may be that the ratios found

by Dr. Wheeler are the equilibrium ratios for that

reaction at 100°; they may equally well not be, on

account of the m idificatijn of the equilibrium by surface

forces. Dr. Wheeler's own hypothesis appears to offer

no explanation of this result.

4. There is an additional new fact which Dr. Wheeler

refers to as follows -.—"A more important observation is

the marked increase in the quantity 01 gas retained by the

coal when the air passed over it was dfed by calcium

chl'iridc." He does not attempt to explain thi-i. dismis-

sing it as "a matter requiring further study." although 'it

appears to offei the key to the correct interpretation of the

whole t'hcnomenon. The result folliws at once from the

hypothesis of adsorption; we sh 'uld expect the quantity

of nitrogen to be largely increased with dry air, wh 1-it the

quantities of COa and CO should be decreased ;
further,

since the formation of COj is the result of a secondary re-

action involving moisture, whilst that of CO is a primary

reaction, we should expect the ratio CO^/CO to fall when
the moisture is removed to the stage possible with calcium

chloride. All these results, which ate entirely inexplicable

on Dr. Wheeler's hypothesis, follow at once from the

adsorption hypothesis, and that they are the observed

results is seen from the following table taken from that

author's paper :

—

Vol. of gas
removed be- Ratio

Treatment tween n' COj. Oj. CO. Nj. CO-a/CO.
and too'.

A. Moist air at 15° 177 280 2-8 2-2670 127
B. Dried air at 15" 308 154 Nil 18828 86
C. Moist air at 50° 187 420 47 39494 lo-8

D. Dried air at 50" 270 128 1-5 1784-0 7-5

E. M list air at loC^ 6 8 770 1-8132 80 5-8

F. Diied air at ioo° 8g 313 02 8-3 60 z 38

The fall of the ratio CO2/CO with rise of temperature is

well maikcd, as is the increased ratio of Nj to oxides of

carbon in the case of dried air.

It is seen that the new hypothesis is capable of

explaining all tie facts explained by Dr. Wheeler's

hypothesis ; that it is capable of explaining all the re-

maining facts which are not explained by the other

hypothesis, and that it is in complete accordance with all

that is known of the adsorption of gases by solids. It intro-

duces no new assumptions, whereas Dr. Wheeler has to

put forward the assumption of a purely hypothetical

chemical compound, the behaviour of which is not amen-

able to numerical calculation, and the existence of which

is highly problematical.

SCIENCE AND THE FUTURE.*

By ALAN A CAMPBELL SWINTON,
F.R.S., MlnstC.E., M.l.EE., M.I.Mech B

(Concluded from p. 46).

It would also be rash to deny too absolutely the possi-

bility of the wireless transmission of electric energy in

bulk. The fact that enormous quantities of energy come

to us in this way from the sun, with a transmission density

that near the sun's surface is immense, shows what the

ether is capable of doing. The production of plane waves

would help the solution of the problem, but there is the

diffi^;ulty of so concentrating and directing the waves that

they may all be received on a limited area. Perhaps,

however, it may be found that though electromagnetic

waves cannot be driven to go exactly an* only where is

wished, they can possibly be led there. It is a problem at

present heyond our ken, but so many marvels come to

pass that one can never be sure of what may be brought

about, provided always that no natural law stands in the

*
T'he economical generation of electricity from coal is

however not men ly a question of the scale upon which

the operation is conducted, important up to a point though

that condition is. In addition to its heat or energy giving

properties, coal contains a number of constituents of great

value, such as the tar from which the aniline and other

dyes and many other chemical products most useful in

medicine, photography, and in the arts, are derived, to-

gether with toluol for explosives, benzine and other deriva-

tives including sulphate of ammonia, which is in great

request as an agricultural fertiliser. Where the coal is

simply burnt in a turnace, as in ordinary steam-boiler

practice, all these are lost; but when it is first turned into

gas theie most valuable bv-produc's, which are nowadays

An Address delivered a. the opening meeting of 'h%'65'h Session

of the R.yal S cie.y of Arts on November 20, isi3. From the

Journal 0; the Royui SoC'il}' of A rts.
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-the-chie) stand'-by of ttiir-gns -indtistty-, can -be saved" and
-tuincd 10 accouni. Up to ii^w it hds Dot been found
econoniical 10 ap^ly tDis cclincnicnt to cicctiical gene-

rating siaiioiiii except in raic instances, bat witli latget

.stations and ample capital, and mote especially with coal

at incxcased prices, it is to be hoped that something in

this direction may be found' practicable on an economic
basis, while it is even po3^ible that it may 03 found neces-

sary lor the a.He to declare such ptesctvalion ot the by-

products imperative and make it conipultory. Further-

more, in electrical geiieiationf there is'the very impoitar.t

matter ol wnat engineers Cdtl the load factor, by which is

mcani th;! ratio ol the actual amjunt of electric energy
that a generating station supplies, to the amount that it

could si:pply were il always working at full power.
Lighting, anti even ordinary motive power reciuireinent^,

only last for a lew hotr- in every twentyft iir, so that

while generating iiiachineiy has to be provided, sufficient

to deal with the maximum load at any one moment, in

many cases a large pioportion ol the machineiy is rot

required, and has to stand idle for^ considerable portion

of each day. As interest on the capital thai machinery
represents is mounting up all the time, and as there ate

many- costs ot labour, and of fuel, which ate not

diminished in piopoition as the load becomes a minimum,
this is obviou.-ly very uneconomical. This is faiticuiarly

so bccau^e with iieclrjcity, unlike gas,, storage- on any
large scale is too costly to be practicable. It is thus most
imp ifiani, in order that electricity should be generated

cbt^aph , that the gaps in the load should be filled up and
(he latter brought lip as far as po^bible to a uniform max -

mum. W.th small siations, supplying limited areas, th'is

is O'flicuit if not impossible to attain, but where the supply
is on a large sci>le, and distiibutcd over a wide area, the

diversity ol uses at different hours ol the day tends to

equalisation, and. assists the piodiiction of a Ijad that

corresponds inore nearly to a steady one throughout the

twenty-four hour&aiid during every day of the year. This
is the explanatTon ol what many people fail to realise the

reason lor, namely, the difference in prices that the con-

sumer has to pay tor cleciricity lor lighting, which, as

stated, has usually only a short hour demand, and for

heating and motive power purposes, where the hoars of

consonipiion are usually much longer^ It is also to be
hoped that the establishment of electro-chemical industries

which take a continuous steady load, or better stiil can
arrange to take energy only only at such times as it is not

requited for other purpcsus, will assist in regulating the

consumption so that generation can be carried on con-

tiriuously at a maximum rate with a minimum oi cost.

Xbese considerations are, ol course, a commonplace to all

electrical engineers, but ibey are not perhaps understood

as well as they should be by the public.

By lar the most important requirement of mankind is

energy in its vaiious forms. Like all other animals, litan

could not continue to exist without a cbnst.tnt supply of the

energy which is requisite for the internal processes of his

body, for the work that he does with his muscjes, and for

the activities of bis brain. It may be potential energy in

the form of food, or kinetic energy such as he derives

direcily by conduction and radiation from his surroundings.

Like the steam engine he must be stoked with fuel in ordi r

that he may develop rnechanical power ; and in order that

he may exercise mental effort, like Babbage's calculating

machine, he must be supplied with the equivalent or the

energy required to turn the handle of that ingenious

apparatus.
Nearlya'I bur energy comes to us directly from the sun,

though son, e portion is dciived from the internal heat of

t]ic earth, and from'teircstiial and lunar rotations. More
over, what we get from the sun is transmitted to us from
across the nearly ninety-fi.e millions of miles of inter-

vening sp.ice by waves in Ihe universal ether exactly analo-

gous to those we u sfe for wiieless lelc^aphy. Same of

t^ia sun energy goes to warm iGe eartb ai)d fts atiiiospliere

and oiu bodies, &p.m« is radiated aw?y again into space.

andsome very sniait patllan is stored in such a way that

we are able to make use of it as we want it. The sun,

whose temperature is about Cooo"' Centigrade, is con-
stantly sending out some 9000 horse-power per square foot

01 its bupeiiicial surface, and as the diameter ot the sun
is about 863,006 miles, there are a great many square feet,

so that the amount of energy the s n radiates is prodi-

gious. As the energy is sent out more or less equally in

ali directions, only a very small proportion ol the wholeis
intercepted by the earth, but even so there is no lack in the
supply that the earth receives, which amounts in total to

some 200 billion horse-power, or on the average to some
4,000,000 horse-power per square mils of that portion of
the earth's surface that is exposed nut too obliquely to the

sun's rays. All our water power, except any that may be
obtained from the tides, and what small amount of power'

we can get fiom the wind, are of course purely solar in

their origin, being due to the results of evaporation and of

the thermal dilation of the air. But apart from the direct

heat we get daily from the sun, our main source of energy
is of course coal, which has been called boilled sunshine,

and consists of vegetable growth in which is stored energy
received from the sun during millions of years, millions of

years ago. Energy from the sun is still being stored in all

pUnt liiB, but according to Nernst only to the extent of
about three miilionths 0! the total that reaches ihe earth.

Moreover it is by no means an etricient process, most of

the energy that falls on the leaves being absorbed in

evaporation or otherwise lost, and the actual amount of

energy stored, as measured by Dt. Horace Brown, is less

than 2 pet cent ot that which reaches the vegetation. For
our food this will no doubt suffice lor many a millennium,
especially with the intensive culture that Science can pro-

vide, but when we come to consider luel lor warming our
bodies, for driving our machinery, and for industrial pur-

poses generally, \vc must bear in mind that the amount of

coal in the world is strictly limited. Many estimates have
been made of its duration, but not only are data as to the

amounts existing and available uncertain, but it is also

difficult to foretell the rate at which consuinption will

increase. Anyway it run;; into five or six hundred years
for this country, and perhaps nearly ten times as long for

the whole earth. Sooner or later, however, it will all be
used up, and mankind will have to depend, no lunger upon
the stored energy of bygone aeons, but on the sun's actual
daily supply. Economy in the consumption ol coal is

therefore a matter of great importance, especially in this

country, where so much depends upon its use, and it is

with this view that the present proposed large schemes for

the economical generation and distribution ol electric power
have been put forward. Unfortunately nothing better than
the heat engine, which includes all those engines that are

operated by ster.m, gas, and oil, bounded as its efficiency

is by the laws of ihermo dynamics, has hitherto been dis-

covered to turn our coal and oil into mechanical work.
Other methods which are not so bounded, and in which,
instead of a ma.xmium of perhaps jo per cent, neatly a

cent per cent ti'anslormation could possibly be obtained,
are theoretically conceivable, but do not materialise.

Methods on the principle of Grove's gas battery, which
gives electric energy directly from the oxidation of
hydrogen, and others in which solid carbon is used as the
oxidised element in a primary electric battery, were at one
time considered hopeful, but have accomplished nothing ;

while some years ago considerable stir was made by a

primary battery, invented by Ur. Borchers, of Aachen,
which was supposed to derive its energy from the oxida-
tion of carbonic oxide to carbonic acid, but which, like

some other German prcjects, proved unsound both in

theory and in practice. Then there aie quite other
methods of converting heat into work, as, lor instance,
our old friend the thermopile. This has, of course,
pio\cd up to nw a most ineffective appliance, and some
years ago Lord Kayleigh showed that with the materials
then used, but only in the special case of their use, it was
ol necessity inefficient. Has anyone, however, ol late
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yeats investigated ths thermoelectric properties of all the

new metals that the electric furnace, and other novel
metallurgical processes, have recently provided, and of the

alloys that these will make, and does anyone know how
thermo-junclions, made of these or of the older materials,

whose properties we are acquainted with at ordinary tem-
peratures, would behave at temperatures so low that, as

we have seen froii the work of O.ines, all electrical resis-

tance virtually disappears ? All that can be said is that here
ate problem; for the physicist and chemist which have great

possibilities, if only they are investigated and sohed whilst

there is still plenty of coal left to be utilised. Seeing that

the steam engine itself is not much more than a century
old, and most of our electric knowledge is much younger,
we need not perhaps despair even of this.

The importance of utilising the v/aler power on the

earth as a means of saving the consumption of coal is now
thoroughly recognised, and is receiving the attention of

the Governments of this and other countrits. The amount,
though large if everything available were utilised, is, how-
ever, insulVicisnt to take the place of coal, while much of

't exists in places remote from industries and population.
This is without taking into account the power of the tides,

which is enormous, but, it would appear, impossible to

turn to practical use, in most places on any large scale,

except at a cost which is altogether prohibitive. There is

also the internal heat of the earth, which is actually at

present being utilised near Volterra in Italy, where vol-

canic steam issuing irom the ground is being successfully
applied to work two 500'j horse-power turbines. This is a

method which may perhaps be capable of considerable ex-

tension in various sjitable parts of the earth, where vol

canic forces come up to the surface, and are not too

destructively active, but even so, the total amount of energy
likely to be obtained in this way is comparatively insigni-

ficant. Thste is also the question whether, if, as some
bUppose, mineral oils are produced in the bowels of the

earth by the action of superheated steam on tue carboni-
ferous rocks, this process is still going on at any useful rate

so as to maintain the supply. Any evidence that there is

appears, however, to be against this supposition, for all the

older oil-fields of the United States already show signs of

becoming exhausted, while it is by no means certain that

oil, like coal, is not a product of solar radiation stored

over vast periods of time, and, anyway, the quantity of oil

that appears to be obtainable is only a very small amount
compared with coal.

When therefore the coal is exhausted it would seem that

in the main recourse will have to be had to the enormous
flood of solar radiant energy that is continually falling on
the earth, and the problem is how this can best be utilised.

The most obvious method is of course to grow plants,

stimulating them in every way that Science can devise,

and cultivating especially those which grow most rapidly

and are specially suitable for the production of fuel. Such
fuel need not, however, take the crude form of mere fire-

wood, but more likely it will be best to cultivate plants

that store the solar energy in the form of siarch and sugar
which can be converted into alcohol, as is already being
done on some scale in order to supplement petrol for

motive purposes.

As, however, vegetation is, as we have seen, an ex-

ceedingly inefficient accumulator for the storage of solar

energy, and as there is the further inefficiency of the heat

engine to be taken into account before mechanical power
can be realised, there arises the question whether Science

cannot devise some other and more efficient method of

converting solar radiation into work, leaving altogether on
one side the organic world and the means that plant life

affords. Solar engines, in which the heat of the sun's con-

centrated rays in tropical climates is employed to boil water

or other more volatile liquids, and thus operate steam en-

gines, are by no mean new, but owing to their considerable

first cost per horsepower, and their great cost ot upkeep,

have never been so far proved commercially practicable,

even where coal is exceedingly dear. They also sulfer in

an extreme degree from the limitations of all heat engines,

inasmuch as they cannot take proper advantage of the ex-

tremely high temperature of the sun, but have to work at

a much lower temperature, which implies degradation of

the energy and loss. But happily solar heat engines do
not exhaust the possibilities of the case, as there remain
other methods which, though still in the womb cf the

future as regards being worked out, can yet be indicated,

and with regard to the success ol which there is no in-

herent improbability. Photo-cheTnistry is usually asso-

ciated with the art of photography, but really embraces a

much wider field, the potentialities of which have as yet
been but very imperfectly explored. The direct transforma-
tion of radiant energy into chemical, or even into electrical

energy, is by no means impossible—indeed, as we have
seen, the former transforma ion is already effected, ineffi-

ciently it is true, by plants ; while it also takes place on a
small scale in all photographic processes where light causes
chemical reduction. Becquerel, in France, showed some
filty years ago how radiant energy could be transformed
into electrical energy, and Minchin, in England, and others

have also done the same by ditfetent methods, i'here do
not appear to be any theoretical objections to success, nor
to much higher efticiences being obtainef" in this way than
by organic means. No doubt the laws of loermo-dynamics
apply to all photo-chemical action, but as the temperature
of solar radiation is so very great this is of no large im-

portance. Here then in photo-chemistry, perhaps in

photoelectric chemistry, we have probably the most im-

portant problem that the Science of the future has got to

solve.

Of late, in the world war, on many a stricken field, our
own and our Allied Armies have been overcoming our
adversaries and subjugating the powers of evil. In the

future may we hope for conquest in even a wider realm.

From now, let us look forward to the further triumph of

Science over the forces of Nature, and to the bringing of

these forces still more into subjection, lor the common
service of mankind, for

—

" Peace hath her victories

No less reaowaed than war."

THE CONFIGURATIONS OF OI^GANIC
COMPOUNDS AND THEIR RELATION TO
CHEMICAL AND PHYSICAL PROPERTIES.*

By .'ARTHUR MICH.AEL.

(Continued from p. 43).

Substitution.—With unsatutation of contiguous carbon
atoms, one of which is directly joined to a non-metallic

atom, part of the bound energy thus liberated passes over

into bound energy between the Acarbon and the negative

atom, which causes a large increase in the hindrance to

its direct replacement, and at the same time a great in-

crement of free energy appears at the -i-carbons. For
these reasons a chemical change involving the non-metal
in such substances, possibly with a few exceptions, passes

over from a substitution process to that of a preliminary

elimination or an addition (Michael, jfouru. Pt\ikt. Chem.,
1S8S, [2 , xxxvii., 473 ; iSgg, Ix., 435; lyoo, Ixi., 44S,

Rule 11.).

The further behaviour of the primary reaction product

depends on the chemical nature of the above-mentioned
negative component on the hindr.ince to the separation of

hydrogen from an adjacent carbon, and on the additive

capacity of possibly reformed .i-carbons for the reagent

used.
.\lthough stereo - structural and structural chemical

chemical changes are closely allied in this field a com-
prehensive discussion of these complicated relations will

be reserved for a later paper (51), and the application of

the underlying principles will be shown by analysing

several reactions involving stereomeric changes.

^From the Journal of the Amcncan Cliemujl Society, xl., No. 11,
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It should be premised thai stereo structural like structural

chemical reactions tend to form new systems involving

the maximum possible entropy change ; i.^., the greatest

possible conversion of the free energy into bound chemical

eneigy and heat, and that chemical like mechanical lorce

starts in the direction of the least hindrance to the change

{yoiirit. Prakt. Chcm., iSgg, [2],lx., 293; jfourn. Am.
Chem. Soc, 1910, xxxii., 990).

Tanatar found that CH2 = CBiC00H (Ber., 1880, xiii.,

159), heated with alcoholic KNC and subsequent saponi-

fication, yields the maleate, a statement which has been

doubted (Meyet-Jacobson, Lchrb. Org. Chem., igor, i.,

412), as the current superficial views on this subject in-

dicate the formation of a salt of CH. = C(C00H)2-
The first phase in this reaction is she formation of a

bromoacrylate with liberation of HCN, and as this sub-

stance shows a great additive power in a nascent state it

and not the cyanide unites with the A-carbon atoms. In

this addition the negative CN radical mast go to the /3

carbon, not only for its free energy is relatively positive

to that in the a carbon, but in so doing after the addition

a more complete intramolecular neutralisation of the

atomic energy is realised. Furthermore, this course

of the reaction is favoured more by the behaviour ol

NC—CH2- CHBr-COOK towards the somewhat basic

KNC than by that of the other possible compound ; i.e.,

CH3—CBi(CN)—COOK. In the first product the affinity

of H to C in CHj is greatly decreased by the negative

CN, and the elimination of HBr proceeds with a slight

expenditure of chemical energy (yourn. Prakt. Chem.,

i8gg, [2j,lx., 292, Rale VIII.; and iSgg, 361): in the

other compound such a course of the reaction would

proceed with such difficulty that the further change would

consist in the direct replacement of Br by CN. The first

product as a saturated derivative {yourn Am. Chem. Soc,

1918, xl., 707) should assume the configuration repre-

senting the maximum capacity to neutralise the alkali,

which is when CN is in the cis-position to —COOK ; i.e.,

(NC) -CHj—CHBr—(COOK), and which, through loss

of HBr and saponification, should give the maleate.

The affinity of iodine for carbon and hydrogen is far less

than that of bromine, and the value is so small in the

alkylene iodides that they decompose easily with liberation

Df the halogen. With a compound like acetylene iodide

there is a possibility of direct halogen replacement ; in-

deed, the solid modification by heating with alcoholic

KNC and saponifying the product thus formed has been

converted into a fumarate (Keiser, Am. Chem. yourn.,

i8go, xii., gg).

It would be a mistake to conclude definitely from this

synthesis that the change proceeds by direct substitution.

The primary action of the somewhat basic KNC may con-

sist fivst in splitting off HI, and the next in the union of

the iodoacetylene thus farmed with the nascent HCN
;

a repetition of these processes would lead, with trans-

eliminations and trans-additions, to fumaric nitrile :
—

HCN
(H)1C = CH(I) -> HC=CI -> (NC)HC = CH(I) ->

HCN
NC—C=CH -> (NC)HC = CiH)CN.

According to this interpretation the maleinoid acetylene

iodide would likewise pass over piimarily into iodo-

acetylene, and in that case it would also yield the fumaroid

nitrile.

That certain stereomeiic halogen derivatives give, ap

parenily by substitution, the same reaction product maybe
explained in an analogous manner (Friedrlch, Ann., i8Sj,

ccxix., 322). For instance, the stereomeric sodium S-

cblorocrotonates heated with alcoholic sodium ethylaie

give the fum. ethoxy derivative. Kach of these chloro-

salis lose HCI readily under the conditions of the expeti

ments and form the tetrolate, which should pass over, as

such acetylenic derivatives add alcohol easily in the pre-

sence of cthylate, by ttans-addition into the fum. (S-

etboxyccotonate.

We can now explain why these ^-cblorocrotonates with
alcoholic sodium elhylmercaptlde give stereomeric thio-

derivatives (Autenricih, Ann., 1SS9, ccliv., 222). Ethyl-
mercaptane is decidedly more acidic than ethyl alcohol,

and the mercaptlde for this reason is much less basic, and
therefore iebs capable of splitting off HCI from the salts

;

further, the additive capacity of the mercaptlde to

A-carbon atoms is much greater than that of the ethylate.

On account of these properties the primary action of the
mercaptlde is to unite with the li-catbons, and then,
whethei the displacement of halogen in the saturated
derivatives thus formed proceeds by substitution or by
tlimination and subsequent addition, stereomeric /3 thio-

ethoy compounds must be formed.
Evidently, the use of such synthetic reactions to

establish the configuration of unsaturated compounds is

of doubtful value when the structures of the simpler com-
pounds are such that the hindrance to reaction by
elimination and addition is less than to direct substitution,

and the results should only be used in confirmation of

stereo-structures, which are ascertained by more certain

methods.
Anhydride Formation.—Van 't Hoff explained the facile

anbydrisation of the maleinoid, ethylenic dibisic acids
by the spaclal nearness of their carbcxyl groups, in

comparison with those in the fumaroid forms. A closer

analysis leads to the conclusion that the main contributory
cause is the slight hindrance to the formation of five-

membered rings from groups in the cis-position owing to

the proximity in space of certain atoms in positions one
and five. In every respect the anhydride corresponds to

the lactone formation (Michael, yourn. Prakt. Chem.,
iSgg, [2J, Ix., 33S), and provided a less resistance to the
course of a decomposition in another direction does not
exist, the effect of heat on all such hydroxy and dibasic

acids should lead more or less readily to the formation of

lactones or anhydrides. That the fumaroid acids do not
yield anhydrides by physical or chemical means is not
because of the impossibility of a fumaroid anhydride, but
because the resistance to a transmutation into the corre-

sponding maleinoid configuration of the acid with subse-
quent dehydration Is less, and therefore the energy required
is less than in the direct anhydride formation. Indeed,
such fumaroid anhydrides would be bodies of slight

stability, and owing to the great strain existing in the
fumaroid rings they would pass over, more or less readily,

into the maleinoid forms.

The phases in the lactone formation from 7- and
^hydroxy acids are the addition ol hydroxyl to carbonyl,
and then the loss of water ; that Is, in this case an in-

tramolecular esterificatlon (Michael, Ibtd. ; Ber., igcg,
xlii.,312); and the formation of an acid anhydride, irre-

spective of the basicity of the acid, proceeds in a similar

manner.

-COOH

-COOH

-C(OH)i
>0

—CO

-CO

-CO
O-^HiO.

Here, too, the carbonyl oxygen and the acidic hydrogen
are the ati ms with the greatest free energy content that
may be involved in the change, and which have the
requisite affinity relations.

The chemical factors that increase the facility of this

ring formation are— (i) constitutive changes causing
spacial approach of the involved carboxyls, and (2) those
which reduce the affinity of the hydrogen to the oxygen of
the hydroxyl, and the additive capacity of the respective

carbonyl for that group, since with each change the intra-

molecular addition piocess is faclllated. Replacing a
nuclear hydrogen in maleic acid by a methyl group in-

creases the bound energy of the remaining nuclear cis-

hydrogen and of the caibc xyls, causing increased segmenta-
tion of the axial carbons, and with it ease of anhydride
formation (KraITt, Ber., 1893, xxviii., 25S8 ; 1904, xlii.,

214 ; Fitlig, Ann., 1S99, ccciv., 124 and 1451 (52); re-

petitiaa of the chemical change gives in pyroclncbonic
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acid a substance that decomposes spontaneously into

anhydride and water. The successive replacement of the

nuclear hydrogens by halogens also favours anhydrisation,

because the free energy in halogen and hydrogen or that

in two halogens (Michael, Ann., igi2, cccxc, 40), which

ace here in cisceiations, tend to neutraliie each other

spacially, and particularly because halogen greatly in-

creases the additive capacity of carbonyl for water

(Michael, Ibid., 1908, ccclxiii., 32, footnote 25) (53).

Stereomutation (54).—Even after the radical difterence

presupposed byvan'tHoff between the spacial relations

in the axial carbons of saturated and unsaturated deriva

lives had been exptrimentally disproven (Michael, yourn.

Prakl. Client., 1892, [2], xlvi., 209, 425) (55), various

attempts were made to explain Etereomeric introconvet-

sions in the latter group on that basis as well as upon

such hypotheses as the intermediate formation of a-

lactones (Liebermann, Ber., i8go, xxiii., 2513 ; 1895,

xxviii., 1444), which are unknown and could not possibly

show tho properties assumed for them, or that of inter-

mediate tetramethylene derivatives (Stewart, " Stereo-

chemistry," 1907, p. i8g), which are known but show pro-

perties incompatible with the suggestion.

The behaviour of stereomers, and that of other classes

of substances, towards heat energy ate essentially alike.

For instance, barium ox'.de and carbon dioxide are inert

at a very low temperature ; under ordinary conditions

they unite with loss of free chemical energy and heat, and

at a certain higher temperature the barium carbonate thus

formed must either volatilise or decompose into barium

oxide and carbon dioxide, with absorption of heat and in

crease of free energy. Likewise, heat energy enables maleic

acid to overcome the hindrance and pass over with loss of

free chemical energy and heat into fumaric acid, which at a

sufficiently high temperature must either, with increase of

free energy, volatilise, decompose, or be transmuted into

maleic acid (,\nschutz and Wirtz, Ber., 18S5, xviii.,_ig4).

In one case the change is inter-, in the other intra

molecular, which is characteristic of stereomeric changes,

as is also the fact that largely in consequence, generally

speaking, they take place within a comparatively small

range of temperature.

Evidently, any structural modification in a mal. deriva-

tive which decreases the bound energy between the atoms

in the axial groups, i.e., decreases the segmentation of

the axial carbons and at the same time increases the free

energy, must facilitate stereomutation. For instance,

replacing the hydroxyls of maleic acid by chlorine,

enhances the free energy, while it decreases the bound

energy that exi^ted between the catboxyls, and in striking

contrast to maleic acid its chloride passes over slowly at

ordinary temperature into fumaryl chloride (see Michael,

Am. Chem. Jouni. 1908, xxxix., 5, for explanations of the

effects of physical influences). Or allo-8-chIorocrotonic

acid (94°) is only partially stereomerised at 164° (Michael

and Schulthess, yourn. Prakt. Client., 1892, [2], xlvi.,

265), but at a much lower temperature its chloride in one

distillation is completely stereomuted (Autentieth, Ber.,

i8g6, xxix., 1665).

Dclible {Ann., 1892, cclx'x., 74) has shown that heating

aqueous sodium citraconate, even up to 190°, gives only

traces of the mesaconate ; but an excess of caustic soda

causes the conversion at 100°, and with a velocity in-

creasing with the concentration of the alkali ; further, that

the transmutation is reversible. It was explained above

why the considerable difference in the free-energy relations

of the corresponding acids disappears with their conver

sion into salts, which is evidently connected with the pro-

nounced stability of the citiaconate. To effect a change

more readily chemical energy n.ust be added to the

system, which is done by the excess of alkali uniting to

form either basic salts or " polymolecules," whose stability

in solution should increase with the excess of the base.

Further, it is evident that the energy relations in the salts

favour a balanced reaction.

A further discussion of stereomutation is beyond the

scope of the paper ; it may be mentioned, however, that

as great confusion exists here as in any other field in

stereo-chemistry. This is due in part to the frequent use

of untenable theoretical conceptions, and to the fact that

it is the dumping ground for any pair of easily introcon-

vertible compounds, no matter how improbable it is that

they are stereomeric in the usually accepted sense.

Notes.

51 In connection with considerable experimental

material see yotirtt. Pralt. Chem., 1899, 1.x., 414; Ber.,

1S95, xxviii., 2512 ; i8g6, xxix., I7g2.

52. Since the accumulation of aikyls neat hydroxyl and
carboxyl groups favour ring formation, possibly fumaroid

lactones and anhydrides may be obtained from poly-

alkylated derivatives. Although dimethyifumaric acid and
acetyl chloride at 100° give pyrocinchonic anhydride,

perhaps a fum. derivative may be obtained from the silver

salt and the reagent at a lower temperature ; or from di-

alkyl fumaric acids where the aikyls are sec. or tert.

radicals.

53. Owing to the affinity of such very negative carbonyl

for water the anhydrides of these dihalogen acids very

likely pass back in aqueous solution '.0 a more or less

extent, into the dihydroxy lactones through which they are

formed in the anhydrisation of the free acids. Wegscheider
[Ber., igo3, xxxvi., 1543) considers it probable that pyro-

cinchonic anhydride goes partly over in solution to such a

compound, which also is not unlikely, as the accumula-

tion of alkyl groups about a carbon likewise favours its

affinity for hydroxyl (Michael, yourn. Prakt. Chem., iSgg,

[2], Ix., 423, footnote 4 ; 1902, Ixiv., 108).

54. This word is suggested in place of stereotrans-

mutation.

55. In his " Lehbr. d. Stereochemie " (1904, p. 222)

Werner makes the historically inaccurate statement that

Anschutz (4ii)«., iSSg, ccliv., 174) and Fittig (Ibid., iSgo,

cclix., 30), first, then Skraup (Monalsh., 1S91, xii., 107)

called attention to the impossibility of the Wislicenus

transmutation explanation, which was based on the in-

stability of addition products that in reality are stable,

and then Michael [yourn. Prakt. Chem., 1892, [2], xlvi.,

209) proved it experimentally in numerous cases. This

inverted order of priority, which is frequently met in the

literature, is due to the oversight of the above-mentioned

chemists that in the writer's first criticism ilbid., 1888,

xxxviii., 2i) of the Wislicenus hypothesis praeticallv all

the reasons advanced later by them against that chemist's

interpretation are clearly stated, and given in proof of its

untenability.
{To be continued).

KIMBERLEY DIAMONDS : ESPECIALLY
CLEAVAGE DIAMONDS.*

By T- R- SUTTON, M.A., ScD. F.R.S.SA.

(Continued from p. 41).

10. Broken Diamonds.

The origin of the numerous broken fragments of diamond
is somewhat of a mystery. G. F. William (p. 492) re-

marks that—"Sime obseivers claim that the broken

diamonds which are extracted are broken during the pro-

cess of winning them. It is admitted that diamonds may
be broken in the process of mining and the subsequent

operations of winning, but these cases are exceptional.

Fragments of diamonds are very frequently found em-
bedded in the blue ground, and there is no doubt in the

mind of anyone who has had practical experience in

finding these fragments that they were not crystallised

where they are found." On the substructure of this

• From the Traiisaclioits of the R.^yal Society 0/ South Africa,

vii., Parti.
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evidence Wagnet (p. 164) and Bauer (p. 195) assign the

origin of Knibetlcy diamonds to a deep-seated plutonic

rock, claiming that llie broken (r.'.gmenls owe ibeit con-

dition to violent etupiive outburst which shsitered country,

rock, and blue ground alike (C/. also I,. J. Spencer in

"The World's Minerals," page ^5, ujii). Tlie latter,

however, stultifies hi> argument to a certain extent in his

very next paragraph, where he states that the minerals and
rock fragments in the blue ground show no signs of wear
and tear. It is hard to see how the diamonds could have
suffered so much damage and their kimberlite surroundings

none at all. As a matter of fact, better authoiitics tell us

that the rock fragments in the pipes do show a great deal

of wear and tear. (See A. L. du Toil " Geological

Survey of the Eastern Portion of Gri(|ualand West," in

the Eleventh Annual Report of the Cape Cisological Com-
mission. IU06). Dii Toil, it may be noted, provisionally

accepts the theory that the shattering of the kiniberlite

accounts lor the fracturing of diamonds, but observed

that garnets have not surteted to the same extent (p. 151).

It. apoiilaneoHi Breaking.

.\ more attractive theory, and one repeatedly quoted from

one to the other by writers on the diamond, is that certain

classes of diamonds frequently tend to break of themselves.

G. 1''. Williams (p. 500) is responsible lor the opinion that

" light brown, smoky diamonds oltcn crack on exposure

to the dry air, but they will remain intact if kept in a

moist place. The cracking is, therefore, more probably

the result of heat or drying than of tension or inward

? interior] pressure. It is possible, however, that the

(;reat heat to which the diamond is exposed when brought

to the surface may expand contained gases sulticiently to

crack the stone." Crookes, on the other hand (Kimberley

Lecture), seems to attribute the fraciu'es to sudden
lowering of pressure in the space surrounding the

diamonds, and speaks of consequent explosions. G. H.
S.-nith (p. 131), following Crookes, says that "so great is

the strain that many a fine diamond has burst to frag-

ments on being removed fioin the ground in which it

has lain."

Unfortunately, the evidence for this particular theory,

as a complete theory, is not strong nor very extensive.

What, at first sight, might look like a consensus of scien-

tific opinion is, in reality, gossip handed on from one to

the other by nearly all, and is by no means the outcome
of independent research. Personally, I have met p'enty

of people who have heard of the bursting of smoky
diamonds without ever having witnessed such a disaster

with their own eyes, and the story of the custom of

sending them to England inside potatoes is almost a

chestnut. Certainly the De Beers Company never pack

any of their millions of diamond in potatoes. A possible

caie of spontaneous breakage is known in the De Beers"

sorting-office, and another, in which a crack was found in

a diamond where no crack was observed—and the chances

are. did not exist—before. Besides this, there are many
brown and other fragments which do possess very fresh-

looking cleavage faces, and so might have done as the frog

did in the fable.

And then there is the deduction from the statistics, pre-

viously remarked upon, that the proportion ol brown
cleavages to brown stones is unduly high. All this hints

at the possibility of some measure of early or late spon-

taneous disintegration, but no more. Moreover, a great

many broken diamonds are not brown or smoky at all.

Anyway, diamonds do not exf-lode of themselves under

meteorological conditions. It is said that certain philo

Bopbers, acting under the orders of the Grand Duke of

Tuscany, once caused a diamond to explode by exposing

it to the sun s rays in the focus of a powerful lens two-
thirds of a Florentine ell in diameter ; but in this case,

since the diamond was of a good size—nearly ten carats

in weight—the result might have been caused by unequal

heating rather than by the terrili,: heat alone.

If beat will not cause a diamond to shiver (I) according

to Crookes, and moisture will prevent such a catastrophe

according to Williams, it is not easy to understand
what any "cunning dealer," wishing to buy but

taking no unnecessary risks, has to gain by encouraging
sellers to handle their goods freely or carry them in their

warm pockets, which is what we are told the cunning
dealers do ; and cunning indeed they must be if they can
so contrive, and foolish the seller who could be so circum-
vented.

(.\ few experiments been have made w.th the object of

ascertaining whether a moderate beating, up to a tempera-
ture of luo' C. in water, will create strain in a diamond or

vary a strain already there ; but with no proof as yet that

it can).

It is to be suspected that much of the myth that

has collected round the nucleus of an occasionel accident

to a smoky diamond is derived from the old story of

Albertus Magnus, that a diamond immersed in the fresh,

warm blood of a goat (especially if the animal had pre-

viously browsed on parsley or drunk wine) would burst.

I'liny, it will be remembered, had a similar idea—namely,
that the blood of a billy goat had power to lessen the

molecular cohesion of the adanias stone, which stone

seems to have been diamond but may have been some
thing else ;

" Tne blood, however, must be no otherwise

than fresh and warm ; the stone, too. must be well

steeped in it, and then subjected to repeated blows ; and
e\ en then it is apt to break both anvils and hammeis of

iron if they be not of the finest temper " (x-XKi-ii., 15).

With reference to the hypothesis of heat causing a

(jiamond to breaker explode when it is brought to the sur-

face, the highest temperature to which it would be sub-

jscted above ground would be exp;tienced on the depositing

fioors under the sun's rays, say about 60 C. (140^ F.).

The temperatures underground at the greatest depths yet

reached ate not so high as this, probably not touching (o

C. .V large ll^w of water met with in the main rock

tunnel at a depth of I5.!5 feet in the Kimberley Mine had
a temperature of about jo' C. (84 V.).

The theory that diamonds were broken by violent move-
ments of the kimberlite does not explain the cause of

the breakages among diamonds found in gravels, unless

we may conclude that these diamonds were brought to

the surface in outbursts of plutonic energy. Perhaps they

were not so brought.

Again, a yellow diamond recently examined, having a

very striated surface which prevented its interior from
being properly seen, showed a crack running half the way
tounii the outside of the stone. The polariscope indicated

a great state of strain somewhere near the centre of the

stone at a pUce where the crack seemed to extend inwards

to. Now, if the expansion of contained gas had caused
the stone to split, the gas must have escaped through the

crack. Why, then, the continued strain ? .\gain, where
could the internal strain have come from if the stone had
been broken by concussion in machinery or pipe ? The
Ue Beers Company has a diamond with a percussion

figure like a clock-face under its surface, and in this case

the shock which made the figure has set up no internal

strain. We shall see in the following section how the

strain and crack in the above yellosv diamond have
probably arisen.

12. SiiggesUd Rctisuiii for Breaking : Mineral
Incluiions, C~c.

The suggestion now to be put forward, with all deference

to better authorities, is that the circumstance of broken
diamonds on a large scale is not alone due to :

1. Either the spontaneous breaking up of those that are

smoky or brown, or any other colour
;

2. Or to breaking in the process of mining and winning
;

3. Or to violent mo\emenis of the kimberlite in past

time ;

\. Or to the expansion of contained gases within the

diamonds whether by heating or relief of pressure

outside,



Chemical News,
|au. ji, igig

Ktmbirley Diamonds. 57

though each or any of these actions may have been of

some effect ; but principally to the energy exerted by the

mineral mclusions so olten contamed in diamonds. These
inclusions are most frequently garnet, and there are,

besides, zircon, ilmenite, iton pyntes, and (possibly)

chiysolite— (or enstatite :
" A bright green variety occurs in

large cleavable fragments in the diamond-bearing detritus

of Colesberg Kopf je in the Transvaal" 1— H. Bauerman,
"Text-book of Descriptive Mineralogy," 1S97 ; some ol

this material is harder than window glass). There are

also inclusions of what may loosely be called splotches of

graphite (very numerous), oxide of iron, and chrome
diopside (care). Some of the black inclusions may be
either ilmemte or bxTiatite, or graphite, but the/ are so

small that specific gravity tests (the only tests that are

available without breaking the diamond) are not delicate

enough to determine which. Diamonds possibly tinted by
diopside have turned up now and then ; but only one
hitherto in our mines, containing a definite splotch of the

material. But some years ago a beautiful specimen oi a

diamond was found in the Voetspoed Mine (O.F.S ),

which contained a number of bright green sploti-hes,

doubtless diopside. This stone is now in the possession

of G. F. Williams, and is probably peerless of its kind

for beauty. A genuine crystal of chrome diopside has yet

to be found in a Cape diamond ; although it has been met
with in bort.

Bauer (p. 192) states that "until recently no diamond
had ever been observed attached to another mineral in

such a way as to suggest that the two grew side by side

at the same time. Tne discovery, however, of a diamond
crystal attached in this way to a garnet shows that such a

growth does take place, though rarely." This assertion

besides being bad science is bad history. The phenomenon
is neither rare nor new. Evelyn relates in his diary how
on Michaelmas Day, September 2y, 1645, he visited the

collection of the noble Venetian Signor Rugini, where he

saw " above all a diamond which had a very fait ruby

(? garnet) growing in it."

In the majority of cases the garnet, or other inclusion,

is not actually inside the diamond, but is set more or less

deeply in a cleavage face. Also a very great number of

cleavage fragments contain somewhere in their fractured

surfaces small rounded holes or indentations such as

could scarcely arise in breaking unless the boles or inden-

tations had been there first, with something inside them.

This latter circumstance indicates that diamonds con-

taining inclusions have been more frequent in nature than

we should infer from even the considerable number found
with the inclusion present. Some of these holes may
possibly have contained gas or liquid.

In trying to interpret the facts we have to bear in mind
that the thermal expansion of pretty well all crystals,

saving those of the beryl family, at ordinary temperatures,

is much greater than that of the diamond. Between o'

and 100" C, for example, the coefficients of cubical

thermal expansion are for ;

Zircon o'2S35

Garnet o'2543

Quartz 0'3530
Diamond 00354.

Whether these relative values would hold under plutonic

conditions of heat and pressure is perhaps uncertain,

though the coefficient of thermal expansion for diamond
Is said by Miers to increase rapidly at high temperatuies

and to diminish rapidly at low ones. For our present

purpose very high temperatures need not concern us ;

nothing higher in fact than the comparatively low tem-

perature at which garnets fuse, since there does not

appear to be any evidence that the garnets of the Kim-
berley Mines have ever attained thia temperature. " One
character," says Church ("Precious Stones," p. 64),

"common to all garnets save Uwatowile is their fusibility

before the blowpipe ; they thus yield a vitreous mass which
is of much lower density than the original garnet before

fusion." This refers to e^iperiments in air, of course, and
things may be somewhat different under pressure deep
down in the earth. In any event, the garnets of our mines
ha\ e probably not been subjected to very high tempera-
tures because none seem to have been found oi the
requisite low specific gravity. Kimberley garnets vary in

specific gravity, it is true, but none tested in the De Beers
office have been anything I ke so low as 3, the value for

vitreous garnet. We shall, douotless, be on the safe side
in assuming that the thermal expansion of garnet, zircon,

&c., under temperatuie conditions that are reasonably pro-
bable, is always greater than that of diamond, though not
necessarily greater by a constant multiple.

Two alternatives ate conceivable. First suppose a
diamond to have crystallised about a foreign body, such as
a garnet, and that at some subsequent time there was
an increase of temperature in the surrounding magma. It

is clear that a greater relative expansion of the inclusion
would put the diamond into such a state of strain that, if

the magma were not solid, the diamond might give way
and break. That there has been such an elevation of
temperature is rendered not improbable by the large
number of diamonds showing signs of corrosion (PLuzi's
figures), and by the coatings of graphite on others;
possibly also by the phenomena of flaked 3iamond.s. In
the De Beers collection is one of these, a stone the greater
part of which is in thin opaque grey lamin;i;, like an
oyster-shell (the crystalline part of this diamond is a non-
conductor of electricity, but the laminated part conducts
as well as bort). The state of this diamond was for a
long time erroneously attributed to shattering by dynamite,
but it is more likely to have been caused by overheating in
the pipe during some past time. Many Premier diamonds,
also, show incipient local flaking ("feathers") on their
surfaces. Some of the diamonds belonging to the Emperot
Francis I. are said to have split into thin flakes
when heated in a crucible. Elevation of temperature
may also be indicated by the opaque white material, un
affected by hydrofluoric acid, occasionally found in local
patches on diamond surfaces. Quite a large area of a cer-
tain lump of black bort from the Premier Mine was thus
coveted. A similar-looking stuff—perhaps the same

—

occurs, however, in some of the cavities in the cleavage
faces of diamonds and round enclosed garnets, which
makes it difficult to understand how it could be produced
by heating ; for the heat required should presumably have
destroyed the diamond surface outside before it could
reach the cavity.

Another guess that might be made is that the diamond
crystallised about the garnet at some pretty high tempera-
ture, and that the relative expansion of garnet as com-
pared with diamond was less than it might have been at
some later lower temperature. In this case it would be
the cooling as plutonic activity died away that would set

up the fracturing.

Whether we accept either alternative ot neither, it is

certain that diamonds do cleave freely across foreign
crystal inclusions. Here is a case in point. A very fine

diamond, weighing 42 carats and valued at over ^600,
was recently found in the Wesselton wash. It is a fair-

shsped octahedron, as Cape cctahedra goes, and is much
indented v/iih the shallow triangular depressions char-
acteristic of its mine. It contains the most lovely inclu-

sions one can imagine—one apparently a small garnet,
another a honey-coloured zircon, just deep enough in

colour to show, very faintly, two colours in the dichro-

scope, of fair size. Through, and surrounding the
position of, the supposed garnet is an extensive crack,
while both above and below the zircon, and tangential to

it, are similar cracks. These cracks are parallel to con-
tiguous faces of the diamond, and neither reaches the
surface of the latter. (In another, similar, case the cracks
did reach the surface). The zircon with the two parallel

cracks touching it exhibit'^ an odd resemblance to an air-

plane in flight. Under the polariscope a state of great
internal strain is manifested over a large area in the tegion
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of the zircon by a most magnificent coloration, while

the zircon itself is equally splendid. Words indeed

are insufficient to descrioe the c'lromatic beauty of the

polariscopicview. Curiously, there appears to be no strain

to speak of in the vicinity of the crack through tne garnet,

as though the strain which once mast have existed there

and caused the crack had been relieved.

Of course, one would expect more strain in general

about a zircon inclusion than about a garnet one bscause

of the somewhat greater coefficient of thermal e.xpansion

of the latter, especially along one of its crystal axes.

This outstanding specimen illu-trates very well the force

of the two alternatives mooted above. For as internal

strain still persists in spite of the present moderate tem-

perature of the stone, it would appear that either the

diamond must hive cryst.iUised at a surprisingly loiv tem-

perature or at some high one at which its coefficient of

thermal expansion mu<t have been relatively greater,

compa.-ed with that of the zircon, than it is now.

Arising out of the condition of the specimen in question

an interesting point emerges

—

Some broken diamonds, as we have said, show rounded

boles in their cleavage faces, but others do not. Now we

cannot conclude that those wh'ch do no show the holes

were not broken by the expansion of a foreign mineral

inclusion ; for if the cracks bounding the zircon in our

specimen were to spread outwards all round to the

diamond faces, it looks as though, from their position,

neither of the two outer fragments, of the three into

which the diamond would break, would show signs of

holes. Thus, even when a cleavage surface exhibits no

imprmt of a former mineral inclusion, it does not follow

that the cleavage was not caused by an inclusion. It may
be surmised, in passing, that the cracked yellow diamond

spoken of in the last paragraph of Section 11 contained

a mineral inclusion. (But diamonds suffering strain, and

with visible internal cracks, though apparently containing

no inclusion, are sometimes met with).

The remarks in the present section apply in the main to

more or less transparent diamond. Opaque diamond,

other than bort, often enough isflawed, has little cohesion,

and can be easily broken.

13. Diamond Inclusions.

Diamonds enclosed in diamonds are not exactly un-

common. There ate two very fine, nearly white, fair-

shaped octahedra preserved in the De Beers office, each

containi;ig an inclusion. Both inclusions are practically

of the same colour as their enclosures—one, a r.jundcd

octahedron, is certainly a dia'nond ; the other is probably

a diamond, but may be sonieihmg else -say, qmrtz as a

remote possibility. These diamonds show very fine colour

elTecis under the polariscope, but neither is much flawed

internally. Where the strain comes from, though, when

one diamond encloses another is an enigma.
Inclusions of diamond in diamond ate not often sym-

metrical octahedra. Oie| which was almost perfect in

outline has been referred to in Section 4. A full descrip-

tion of this interesting object, which is still preserved, has

been given by Williams (p. 506). The majority of such

inclusions are irregular. A certain piece of Bultlontein

cleavage, for example, which came from the wash already

cracked nearly through was found, when broken up, to

contain a venerable looking and lU-sh^pen flake of

diamond, the cavity in which it had been being lined with

a soapy looking substance, possibly apopnyllite. In this

connectijn it is strange that the apophylhte, or whatever

the substance may be, prefers to stick to the enclosure and

not to the inclusion. Pretty often in cases of this sort

the portions of diamond separated by the crack a.e of

difltrrent quality and colour.

Tiny cavities, or what look like cavities, in diamonds

are not uncommon. Tney may contain gas. It is not

the rule tjfind any large amount of mechanical strain in

tbeii vicinity.
(To becantidued).
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FALLING PRICES OF MATERIALS.

The report of the Committee of "Financial Risks

attached to the holding of Vrading Stocks" is now pub-

lished by the Ministry of Keconsiruction. The Committee
were appointed early last year by Dr. Addison, who recog-

nised that fear on the part of manufacturers and traders

of losses, due to a tall in prices of raw material bought at

war time prices, would tend to cause a reluctance to

embark on full-scale production after the War and would
thereby retard the attainment of maximum national pro-

ductiveness. He accordingly invited the Committee to

enquire and repjrt as to any measures which cocld be

sdopted with a view to securing that manufacturers and
others should be financially in a position to hold stocks

after the War, and that reasonable safeguards should be

established to prevent serious financial losses as a result

of pos-iible depression following on a period of great

infi^ition, in respect of stocks of materials required for

industry.

After illustrating the enormous rise during the War in

the prices of raw materials and goods, the Committee
express the view that apprehension of loss due to a drop

in prices is well founded. Five main causes are likely to

bring about this fall ;
—

The disappearance of War Risk insurance, &c.

Reduction in freignis due to increased availability of

shipping.

Fall of wages compared with the rates prevailing

during the war due to increased availability of

labour on demobilisation.

Additional production (due to cessation of the demand
for military material) of staple articles now standing

at "scarcity prices."

5. Reduction ot the note issue to restore an effective

Gold Standard, or in other words, " deflation " of

credit.

A natural corollary of the trader's fear that he will lose

through failing pr.ces is that he snould wish to tdke a

very conservative valuation of his unsold stock. This

affects their valuation (or the determination of excess

profits duty.

The three lines of possible relief that have been sug-

gested by traders are

—

1. Lower rates of taxation during the War.
2. Tne Government to bear a share (out of taxes already

received) in any losses after the War.
3. A redefinition of " profits " now chargeable to taxa-

tion by way of permission to create rcseivts before

arriving at the sum chargeable to taxation as profits,

or by the adoption, wBen making up periodical

accounts, of different principles ot valuing stacks

from those generally obtaining in industry hitherto,

or admitted by the taxing authorities.

Up to the present taxation relief has been granted by
two concessions contained in the Wnite Paper Cd. 8623),

viz.,

1. An allowance is made for the fall in the value of

stocks held in the last accounting period, to the

exient to which they are realised in tbe succeeding

two years.

2. The "Base Stock" method of valuation, >.«., that

ol valuing a constant quantity of stock at a con-

stant price which is p=rinittcd in certain classes of

industry wherein it is a practice of the Trade.

The first concession is criticised as being (i) Unwork-
able, because tne physical identity of the stock s ild can-

not in practice be ascertained, and (2) Inadequate, as

relating 10 only one set of sales. O ny a very limited

number of industries have obia.ned tne second conces-

sion. Those which have done so will commence the

post-war period with slocks valued considerably below
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tbeic market price, and therefore, in tbe opinion ot the

Commiitee, have estabiisQed no further title to reliet.

Suggested Remedies.

The Committee (ptcUce their general recommendations

by saying tOc>) rcgdid it almost desirable tnat tbe position

01 industry should be specially strengthened when on the

thrcashold ot a period in wnich markets have to be re

organised or created, and in which industrial conditions

ate in the higncsi degree uncertain. Toe most hopeful

li(ie of approach to a solution of this problem lies, they

think, in a reduction ol the present rates of excess profits

duty. The present 80 per cent duty, they consider,

encourages extravagance and discouiagcs enterprise, tbe

reward oeing paltry, while litile margin is left lor

tencwaU, development, and the capture ol new markets,

to say notbing ot tbe establishment of reserves against

bad times.

Tbe Committee recommend two alternative remedies

—

1. A reduction in the Excess Profits duty from 80 per

cent to 65 per cent for tbe accounting period

approximating to tbe year igi8 now in course of

assessment, on tbe understanding that the duty so

remitted is retained in the business and not distri-

buted. Tdis reduction might be accompanied by

the withdrawal ol the first concession in the White
Paper, which was largely a result of the raising ol

the duty to 80 per cent.

2. If this course is impracticable, the Committee RUg
gest that part of tbe duty now to be paid should be

treated as a suspensory reserve for a period ol five

years, the amount sj treated to be represented by a

special kind of War Loan to be held on joint

account by the Government and the taxpayer.

Toe amount ol this reserve should be 20 per cent

of the average excess of profits in tbe last two
yjars ol tbe duty. Alter five years this reserve

should either revert finally to the State, or in the

following circumstances become wholly or in part

the property ol the taxpayer.

He must show that bis annual profits Over that period

are less than the amount of the percentage standard to

which he was entitled or would have been entitled under
Excess Profits duty, and that these deficiencies have been
associated with tbe balding, during this period, of stocks

at falling prices as distinct, for example, from bad
management or reduced turnover. He would then be

entitled to relief to tbe extent of 80 per cent of tbe

deficiency ; but for no greater sum than the amount ol

the reserve.

In the case of the second remedy the Committee con-
sider that tbe undertakings given in tbe Wnite Paper
should continue to stand and that each business should
state, when making its return for assessment for the last

period of excess profits duty whether it proposes to come
under the first concession in the White Paper, or, waiving
all rights thereunder, to come under tbe five year War
Loan system of relief.

A reservation by four of the ten members of the Com
mittee expresses the view that the " base stock" method
of valuation should be permitted by all traders, but that

the Viluation prices must njt be lower than they have
actually been within the trader's experience. Further, they

are 01 opinion that if the suggested remedy by way of

[eduction in the duty cannot be granted, the amount of

th^ reserve allowed in the second remedy should be at

least double.

The Committee recognise rhat they have been unable

to formulate any scheme of relief for those who pay no

Excess Profits Duty. They also consider that a business

which has denuded itself of its " immanent stock," at the

instance of the Government, to meet immediate needs,

has a claim for consideration which is best preferred to,

and granted by, tbe Department of State to which the

assistance v/as rendered.

NUilCtb OK BOOKS.

Treatise on Applied Analytical Chemistry. By Prof.
ViTTORio ViLLAVEccHiA. Translated Dy Thomas H.
Pope, li.Sc, A C G.I., F.I.C. Volume II. Lonuon :

J. and A. Churchill. iqi8. Pp. xv-(-536. Price
23s. net.

In the second volume of this treatise a very wide range of
subjects IS covered, including meat, milk, flour, sugars,
alcoholic liquids, essential oils, varnishcS, rubbers,
colouring matters, textile fibres, Sec, and although the
book IS bulky only a comparatively small space can be
given to each subject, with the result that the treatment
IS in some cases rather deficient as regards detail. The
methods selected for description do not appear to have
been always Very wtll chosen, sometimes perhaps because
Italian prattice is not entirely in accord with that adopted
in this country, although in some cases the text has been
slightly nii.difie on that account, and tbe section on beer,
lor example, has been practically rewiitten for tbe English
edition. In the section on milk no mention is made of
the Werner Schmidt process, nor are any of the widely
adopted modifications of Kjcldahl's process mentioned.
The sections on the organic colouring r^atters and their
identification on woollen and cotton materials are somewhat
too much compressed to serve as really useful guides in
analyses, whilst on the other hand, for completeness sake,
some comparatively unimpottant substances have been
included. Nevertheless, tbe author and his colloborators
may be congratulated upon having produced a work
wnich achieves a considerable degree of success, and in
which many difficulties have been surmounted.

iHEMlCAL NOTICES FROM FOREIGN
SOURCES.

Note.— All degrees of tempetature are Centigrade unless otherwise
expressed.

Comptes Rendus Hebdomadaires des Seances de I'.icadeinie
des Sciences. Vol. clxvii., No. 17, October 21, igi8.

This number contains no chemical matter.

No. 18, October 28. igi8.

Inversion of Cane-sugar by Colloidal Silica.—
Albert and Alexanilre Mary.—Colloidal slica was pre-
pared chemically by the action of hydrochloric acid upon
sodium silicate, and its action on cane sugar studied.
Like mineral acids, acetic acid, hydrosols of palladium,
&c., it causes an appreciable amount of invers on. In
some circumstances its activity increases with tbe tem-
perature up to a variable optimum (below 100^ C), and then
decreases unt 1 it becomes completely inactive. In some
respects the conditions of its activity are comparable with
those of the colloidal metals, but no chemical reason can
be given for this resemblance.

No. 19, November 4, 1918.

This ntimber contains no chemical matter.

MISCELLANEOUS.

Royal Institution.—Next Tuesday, February 4, at

3 o'clock, Ptof. J. T. Macgregor M irris will deliver the
first of a course ot two lectures at the R lyal Institution
on"S:udyol Electric Arcs and their Applications." On
Tuursday, February 6, Dr. W. Wilson will give the first

of two lectures on " The Movement of the Sun, Earth,
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and Moon ' (illustrated by a new Asltonoinical Modrl)..

The Friday evening Discoutse on February 7, at 5.30 will

be delivered by I'.of. J. G. Adami on " Medical Research

in its Uelationship 10 the Wat "
; on February 14, by

Prof. Cargill (1. Knott on " Earthquake Waves and the

Interior ol the Farth."

Methane.— NVilHani Mali^olf and Ojstave EglolT.

—

The authors have brought together the results of investi-

gations upon methane, including the physical charac-

teristics and chemical properties, and its synthesis and

decomposition. A vtry ustful part of the paper deals

with research possibilities on methane. Many suggestions

are made as to subjects and details which demand further

or new research ; these include the checking of some
of the phy-iial constants, oxidation, nitration, and

sulphonation, the formation ol derivatives by electrical

methods, and he reactions of methane in the silent

discharge with nitrogen, carbon monoxide, and various

other substances. In all 53 dilTerent researches are

tabulated, and some of them, if successfully accom-
plished, might lead to results of considerable practical

utility.—yoitnial of Physical Cliemistyy, vol. xtii,. No. S,

p. 529.

IWEETINiiS FOR THE WEEK

McNDAY, Feb 3rd.— Royal Institution, 5 (General Meetingl.

Tt'ESDAV, 41I1.—Roval institution, 3. '* Study of Electric Arc* and
their Applications," by Prof. J. T. MacGregor
Morris.

RcintKeu Society, S.15. "Pro'ection in DiagnoBtic

Work—a Consideration cf the Efiects of Scattered

Rays and Secondary Kays," bv Capt. F. Hernarnan-

Johnsnn. Lieu . W. Makower will exhibit and
describe a I.argmuir Hxhiust Hump.

WtDNESDAV, 5ih.— Socieiy of Public .\nalvsis s. (Annual General

Meeting). " Recovery of Ncsler Reagent," by D.
Pullman. "Technique of Iodine Determina
tions, wi'h a Note on a New Machine for Sul).

dividing Oleaginous Seeds," by J. Allan.
—

—

Royal Socieiy of .\rts, 4 30. " The Removal of

the Residual Fibres fro <i Cottonseed, and ihcr
Value for Non textile Purposes," by Edward
Carslensen de Segundo.

TiltnSDAV.fith.— Rfiyal Institution,?, "The Movements of the Earth,

Sun, and Moon," by Dr. W. Wilson.

Royal Society. 4 30. "The Elasticity of Metals as

Attectcd by Temperature," by A. Mallock.

"Vibration and Strength of Struts and Con-
tinuous Beams under End Thrusts." by W. I,.

Cowley and H. Levy. "A New Method for the

.Absolute Determination of Frequency" (with a

Prefatory Note by C. V. Rainan), by A. Dey
Chemical Society, S.

Friday 7ih.—Royal Iusiiiu;ion, 5 30 " Medical Research in its

Relationship to the War," by Prof. J. G. Adami.

Saturday. 6th.— Royal Insiimtion, 3 "The Works of J. S. Bach,"

by Prol H. P.Allen.

FRANCE (Bordeaux and Sud-Ouest).—
Representations wanted by French Eng neer Chemist of good

firms (for Chemical Products, Chemical .Machineries, Chemicil

Apparatus, Nc
Bordeaux.

i- Processes).— .\ddressTKV.ssitR, 3iM, tours Balguerie,

CITY OF CARDIFF EDUCATION COMMITTEE.

THE TECHNICAL COLLEGE.
Principal -CHAKI. IS COIIS. HSc, '.I.ond.i.

The services of the following Full-time
LECTURER arc required :—

HEAD OF CHEMISTRY AND APPLIF.D CHEMISTRY
DEPARTMENT (a Specialist in Applied Chemistry). Com-
meifcing salary £50.1 per annum.

AppIic»tion» on foolscap paper, staling age, full qualifications,

teaching and other cxpe'ience, and giving epics of not more than

ihiee testimonials, should reach ihc Prikcii'ai. (from whom further

DJtticulars mav be obtainedi by March 17, 9 9 ...
Relatives of eligible men on War Service are requested to bring this

.dvertisemen. to their notice.
^^^^.

^ ^^^^^^^^ 3^^
City Hall, Cardiff. Director of Education.

A ssistaiit Chem-st and Metallographist wante<l
^ ^ for modern Iroi and Steel Works, Mu.'ii be competent for

responsible position. Giv c references and state age, ouaJifications,
and salary required.— Address, " Metal-;." Cuf.mical N'tws Office, i6,

Newcastle Street, Farringdon Street, London, E.G. 4.

A Discharged Soldier seeks situation as Works
Chemist, or Laboratory Worl;, practical and theoretical experi-

ence. Good tesiimonisU.— Address, 0. S., Cukmical News Office,

iG, Newcastle Street, FarrioRdon Street, London, E.C.4.

("^hemist, with several years' experience,
^*^ desires post in Work<i with a view of ohtaininj,' experience in

Technical Proce-sses ; Oil Fuel or Food preparation preferred. At
present on active service in France —Address, R. L ,Chf.mic m. News
Onicc, 16, Newcastle Street, Farringdon Street, London, E.C. 4-

C'^hemist in charge seeks change. Metals,
^ Minerals, Analyses; Plant ontrol and organisation. Research

(Inorganic) and new plant inception specially preferred- Good refer-

ences and varied experience. — A Idress, "Organiser," Chrmic.\l
NfcWsOffice, 16, Newcastle Sireet, F.ir/ingdon Street, London, E.C.4

T7x-0tficer, disabled, four years exper'ence of
*—' Aaal>sis, including Foods and Drug:*, requires responsible
Position.—Address, X. O , Cukmical News Office, 16, Newcastle
Street, Farringdon Street, London, E.G. 4.

ri.hiss-blowers (Scientilic) \V.-in;ed. — Apply,
^^ Baird and Tatlock, Ltd., 45, Renfrew Street, Cjlasgow, or 3:^,

Portland Street, Manchester.

T nter. B.Sc. requires post in Chemical Worlcs
•^ or Labo-atory, in or near London. Lately dem.ibilised as student
— Address, W. G. I)., 7, Living's tone Ro^d, Clapham Junction,
S.W. II.

T ondon Honours Graduate, A.I.C., twenty
*—' years' expe'-ience Food^lnffs, Gcieral .Vnalyjis. and Bacteri-

ology, now supervising Works Labor ilory. desires responsible pro-
gressive Post where energy and initiative will meet with recognition.
—.^idrcss, L. H., Chkmical Nkws Office, 16, Newcastle S'reet, Far-
ringdon St eet. London,- EC. 4.

Required f)r Factory near Bristol, man witli
Biochemical knowledge, a quaintcd wiih Bactetiologv and

Botany. Capable of carrying oji Research on Fond Products —Reply,
sta ing agi, experieni e. salary required, and published investigations,

to "Chemist," Box 25, care of W. H Smith and Son, Kingsway,
London, W.C. 2.

Wanted immediately for the Chemical Depart-
ment, a Laboatory Assistant. State salary rct|iiired —Apply,

Secretary, South-Easicro .\griculiu-al College, Wyo, Kent.

Works Analytical Chemist required. One
conversant with Soap Manufacture, Nicotine Hxiraciions, and

Agricultural and Horticultural t^rej'araiions. State full particulars

and salary required.— .Vddress, W. A , Cufmic.kl Nkws Office, 16,

Newcastle Street, Farringdon Street, London, E.C. 4.

\\/anted, Copper - lined Steam jacketted
' ' VACUUM PAN; capacity about 200— -^o-i gallons.— .Ad-

dress, V. P., CHKMic.AL NF.wsOttice, 16, Neu'castle Stteet, Farringdon
Street, London, E.C.4.

If in good condition, Sixpence per copy will be
p,Tid for any of the undermentioned number-; nf the CHEMICAL

NEWS which may be forwarded to this office :--

;>053, August 2nd, tgiS.

3054, August i6ih,i9i!J,

3059, October 25th. igi.^.

306.^, December 20tb, igtS.

iC. Newcastle Street, Farringdon Strekt, Losmhin, H C. \.

ORDER THE PAPER.

In consequence of tlic " Uo Returns Order" of the

Govornmeut, readers of the "Chemical News" are

requested to ensure a regular supply of the paper by
placing an order with their Newsagent.
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ELECTROLYTIC DISSOCIATION.*

By S. ARRHENIUS.

I. Evidence from Analytical Chemistry.—There are four

fundamentals upon wbicb the idea of a dissociation ol

electrolytes (>',«., salts, acids, and bases) into their ions is

built up. These four are the additive properties, the

electric conductivities, the freezing points, and the cata-

lytic actions of electrolytes. That which bas won the

adhesion of most cbemists is the rational explanation of

analytical chemistry which is here given. All salts which
belong to the group of chlorides give the same reactions

which in olden times were said to be characteristic of

chlorine. Tbe most familiar of tnese reactions is that

with any silver salt in aqueous solution— in most cases

silver nitrate is used for analytical purposes—which gives

a characteristic cheeselike precipitation of silver chloride.

But it is not true th<tt the said reaction is characteristic of

all substances containing chlorine ; for instance, chlorates,

perchlorates, a great number of inorganic chlorine-con-

taining compounds of metal, examined by Werner and his

school, as well as most organic chlorine compounds, do
not show this characteristic reaction. All the chlorine

compounds which show it are characterised thereby in

that, on being electrolysed, they give chlorine as an ion ;

the other chlorine compounds are either not conductors of

electricity when dissolved in water, or, if they are, they do
not give chlorine as an ion.

This peculiarity was absolutely inexplicable on the old

chemical theories, and there is no other explanation than

that salts, and in general electrolytes, when dissolved in

water, alcohol, or another solvent, are partially decomposed
into their ions, e,g., sodium chloride into sodium ions and
chlorine ions, and that each ion has its own characteristic

reaction.

Also a very well known fact of quantitative analytical

chemistry speaks in favour of the dissociation theory.

The characteristic reagents for barium salts are sulphates,

which give a very little soluble precipitate, barium sul-

phate, when tbey are added to an aqueous solution of a

barium salt The analytical chemist, who wishes to pre-

cipitate the dissolved barium as completely as possible,

adds bis sulphate solution in excess. The barium sulphate

s the less soluble the greater the content of sulphate ions

in the solution. This behaviour can be explained only in

the following manner. The barium ion and the sulphate

ion in the mixed solutions give barium sulphate, with

which they are in eqilibrium. This barium sulphate is

only soluble to a certain degree at a given temperature
;

the excess becomes precipitated. This quantity of barium

sulphate may exist in a solution in presence of a certain

quantity of sulphate ions and of barium ions, but the

greater the quantity of the sulphate ions present the less

is the quantity of barium ions in the equilibrium. The
barium ion is therefore precipitated by the sulphate ion the

more completely the greater the quantity of sulphate ion

added. Evidently this equilibrium between barium-sulphate

barium-ion in the solution and sulphate ion cannot be

understood if the barium ion and the common constituent

of all sulphates, SO4, are not free from each other.

In reality the theory of electrolytic dissociation has fur-

nished analytical chemistry with a leading principle which

it missed before. The great practical importance of

chemical analysis gives the strongest support to the theory

of electrolytic dissociation.

A contribution to a General Discussion on " The Present Position

of the Theory of lonisation," held at the Faraday Society, [anuary

31, 1919.

J
2. Additive Pfoferties.—The aforementioned behaviour

of electrolytes is a special instance of the S3-ca)led
addiiive properties of this important class^of substances.
These idditive properties had for a long lime attracted tbe
attention of physico-cheiiiists. Valson in 1S70 showed
that the capillarity and the specific gravity of a salt solu-

tion might be regarded as the sum of three characteristic

magnitudes, the first valuable for the solvent—he used
water as solvent— the second for the positive ion (r.ietal)

of the salt, and the third for its negative ion. Such addi-
tive properties have been investigated in great numbers,
as may be seen from any text-book ol physical chemistry,
and in general it may be maintained that any property of

a dilute solution is additive. The solution behaves as if it

contained, besides the solvent, two independent substances
— the metal ion of the salt and its negative ion (the rest of

the salt).

Amongst these properties there was one which had in-

terested chemists in a high degree, namely, the heat
evolved on the formation of a salt in a mixture of the
dilute solutions of the corresponding basis and acid. If

these are strong, the said heat is 134 great calories per
grm. -equivalent. The well known explanation ol this tact

was given in 1S84 and favoured tbe acceptance of the
dissociation theory in a high degree.

It was to be expected that the opponents of our theory
would attack the do:trine of the additive properties. Thus,
for instance, Eilhard Wiedemann in i8gi asserted that the
replacement of bromine in dissolved potassium bromide
through chlorine introduced as gas is the same as the
corresponding quantity for any dissolved bromide, e.g.,

hydrobromic acid. By means of the thermochemical data
01 Thomsen and Beithelot I showed that the deviations
from additivity in Wiedemann's case are about seventy
times as great as for the heats of neutralisation.

Another such objection was raised by Kahlenberg, who
urged that double decompositions between salts occur not
only in aqueous solutions, which are conductors for elec-

tricity, thus indicating electrolytic dissociation, but as well

in solutions of, e.g., benzene, which were said to be non-
conductors. This last assertion was disproved by Allen,

Cady, and Lichtenwaltar, who investigated the reactions

indicated by Kahlenberg more accurately. (Compare N.
Dhar, Zeit. EUctrochem., igi5, xxii., 275; Midd. Nobel
Inst., 161G, iii., 15).

3. The Diffusion of Electrolytes. —A property of great

theoretical importance is diflusibility. Neinst showed that

the diffusion constant of a salt may be calculated as the

quotient between the moving force, which here is the

osmotic pressure, and the sum of the frictional resistance

of its ions, which was calculated by Kohlrausch from the

electric conductibility of the salt's solutions. In this

manner I determined, for instance, the diffusion constant

for 17 normal HCl at 12^ to be 2og, in agreement with

Nernst's calculation. The constant increased on addition

of chlorides such as NaCl, KCl, or NH4CI, and thus

increase is easily understood if we suppose that HCl as

well as the salts is dissociated. If HCl is alone in the

water, each H-ion is followed by a Cl-ion ; otherwise

strong electric charges would appear, and cause forces

producing this equality. The diffusion constant is, as

said, 2 09 at 12", whereas if the H-ion moved indepen-

dently its diffusion constant would be 617, and if the

Cl-ion moved freely its diffusion constant would reach
only the value 126 according to the figures of Kohlrausch.
If NH4CI is added to the water in which the diffusion

takes place, the H-ion moves more freely than when HCl
is alone, for the positive charge of the diffusing H ion may
be compensated not only by means of tbe negative charge
of a Cl-ion moving together with the H ion, but also

through the positive charge of an NH4 ion moving in

the opposite direction. I found that in 2/N H4CI the

diffusion constant of the H-ion in i-04/N HCl reaches the

value 4'3o, i.e., more than double tbe diffusion constant

in water. The said change is characteristic for electrot

lytes, and agrees very well with an approximative ealcula-



ElecirolyHc Dissociation. I

Chemical News,
I J'cb. 7 iglQ

tion. Oil the other hand, the diffusion constant of the

cbloiine ion in the N'H^CI solution becomes smaller than

\iu()- II the added quantity of NH4CI were very much
greater than the lICl present, the values O17 for the H-ion
and \'Zb for the Clion would be reached. This observa-

tion cannot b: explained if w^ suppose that H and CI are

bound to each other. It may therefore be regarded as an
ixperimenluincrucii for the elecuolytic dissociation theory.

(Compare Arrhenius, /eit. I'hys. Chcm., iSij2, x., 74).

4. Colours 0/ Solutions.—A very Interestine; and much
discussed additive property is the colour of solutions of

electrolytes. At very high dilutions, at which the degree

of dissociation a = i, i.t., salts are completely dissociated,

the colour of the solution is composed of the colour of the

solvent, that of the cation and that of the anion. With an
uncoloured solvent, as water, and the one ion un-

coloured, all solutions ol the salts with 3 common coloured

ion, *.g., all permanganates, ought to lave the same
colour. This Ostwald showed to be the case (/eit. Phys.

Cliem., iSgj, ix., 579). He extended this theorem to in-

dicators, in which case the acid or the basis is very little

dissociated and gives a wholly different colour from that

of its salts. This circumstance was for a time regarded

as a strong proof in favour of the electrolytic dissociation.

But Hantzsch has made it probable that here a case of

isomerism occurs. Opinion then turned over to the other

side. It was, for instance, said that we might expect that

a concentrated solution of blue vitriol changed colour on
dilution because its degree of dissociation increased in a

very high degree, and the undissociated salt ought not to

possess the same colour as the copper ion. In reality the

change of colour is insensible. A very detailed examina-
tion of this circumstance was carried out by Robert
Wright {youni. Chim. Sac, 19 .3, ciii., 52S ; 1914, civ.,

6691. He found that strong (nearly totally dissociated)

acids exert the same absoiptive power on light as their

salts, whereas weak (little dissociated) acids often show a

great difference in this respect from their salts. This is

just what we ought to expect from the view-point of our

beory.

5. The Klectric Conductivity of Solutions.—The first

germs of the electrolytic dissociation theory are found in

my doctor thesis of 18S4. There I conclude that the

electrolytes consist of conducting and non-conducting
molecules in such an equlibrium that in extreme dilution

all molecules become conducting and with increasing con-

centration the non-conducting molecules increase on the

coat of the conducting ones. In this manner the increase

of the molecular conduc ivity with increasing dilution was
explained. Later (1887), this theory was proved so that

the conducting molecules are dissociated into their ions.

Hence the degree of dissociation, a, is calculated by
means of the formula —

Xv

in which A" is the molecular conductivity for the dilution

V (i grm. molecule in v litres) and \y^ the same quantity

for infinits dilution. A^ is a limiting value which may be

calculated with the aid ol extrapolation formulas given by

Kohrausch and others. This calculation of 1 was gene-

rally accepted and is still regarded as giving nearly reliable

results (compare Ktauss, Journ. Anur. Chem. Soc, 1914,

xxxvi., 6|). It is also generally accepted that for higher

concentrations a correction lot viscocity should be intro-

duced. Mostly it is suppoped that this correction is pro-

portional to the viscosity, so that we should introduce

aJ?)i, instead of .vT. where t;i( is the viscosity of the solu-

tion with the dilution v and 1;^, i^ the viscosity of pure

water (at the temperature of investigation). I'or dilute

solutions (ti>io) the said correction is for common salts,

acids, and bases rather insignificant.

6. Ostwald's Law.—Now Ostwald, and at the same

time van 't Hoff and Planck, tried to see it the law of

Oaldberg and Waage for chemical equilibria were not valid

for the equilibrium between ih^ dissociated molecules (i.^ .

.

the ions) and the undissociated ones. Van t Hoff and
Planck, who calculated the figures of Kohlrausch (or salts

and strong acids and bases, found no agreement between
the tt:eorelical demands of Guldberg and Waage's law
and experience. Ostwald thereupon calculated some
figures of bis own regaraing weak acids and found good
agreement with the demands of the theory, and so he
formulated " Ostwald s law" for weak electrolytes

(188^;. Bredig, a little later, staled that this law holds
good also for weak bases. I drew the attention of van t

HolT to the circumstance that weak acids offered a much
better material than salts for investigating the validity of
the laws of mass action in the case of electrolytic disso-
ciation, whereupon he, together with Keicher, made a very
careful examination ol the behaviour of formic, acetic,
butyric, monochloracetic, benzoic, and shimicic acids
w.lhin very wide limits of concentration, and found a
wonderful agreement with the law of mass action (i88S).

This agreement was rightly regarded as the most con-
vincin.r proof of the validity of the dissociation theory.
But still strong electrolytes made a very marked exception
from the said law, and this exception has been one of the
most d fiicult questions in this branch of science. Noyes
(1S92) rejected the method of determining the degree of

dissociation, n, by means of the conductivity, and used for

this purpose experiments on solubility of salts (see § i

above), and supposed that the law of mass action was
absolutely exact for this case. As I showed immediately
afterwards (1892), the values of a determined in this manner
are subject to precisely similar disagreements in regard to the
law of mass action as the o values calculated from the
figures of conductivity. These latter have also been gene-
rally accepted as being nearly exact for dilute solutions.
Some authors, as \ . bteinmehr (1901), Liebenow (1902),
Malmatiam (1905), Kjellin (1910), and B. Hertz (191.2),

have tried to explain the deviations from the law of mass
action as due to the electrical forces between the charged
ions. Tbese authors have been led to different results,

and have not taken into consideration that some weak
acids obey Ostwald's law even in such concentrated solu-
tions that they contain a greater number of ions per unit
volume than solutions of strong electrolytes which show
strong deviations from the same law.

7. Nonaqueous Solutions.—With solutions in other
solvents than water, the deviations from Ostwald's law
are often very much more pronounced than for aqueous
solutions. It e\ en happens that the electrical conductivity
increases more rapidly than in proportion to the concen-
tration of the dissolved salt, which seems to indicate that
the degree of dissociation decreases with increasing dilu-

tion. Tnis appears to be absolutely untenable from the
point of \ iew of the mass action law. (This never occurs
with aqueous solutions, if the conductivity is corrected (or

the viscosity—compare Sloan, Journ. Amer. Chem. Soc,
1910, x.xxii., 946). Walden explained it as due to a
dissociatinginffuenceof the salt molecules, dependingupoa
their high dielectric constant, compared with that of the
solvent. He has corroborated his opinion through a great
number of measurements.

This dissociating action of the salt may he represented
by the formula

—

-.M\ KfA(.a)".
c(I-a)-

in which c is the concentration of the salt, K, k, and wi

three constants. The dissociation constant increases pro-
portionally to the ninth power of the concentration ol the
ions—here for simplicity only two ions are supposed. For
weak acids in water k is very small, so that it may be
neglected, and Ostwald's law holds good. For strong
acids or bases and for salts K may, except for e.x'remely
high dilutions, be omitted. We then get the formula of
Rudolphi, or, if 'i = .^. of van t Hoff, which fits rather well
with r-bsetvation. Ktauss and Biay have proved the
validity of their formula for strong electrolytes dissolved in

26 different solvents.
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8. Oitwald's Laio for Salt Solutions in Water.— Kraus
and Bray did not lind the above formula applicable to

aqueous solutions, which have been investigated in very

dilute solutions by Kohlrausch and Maltby. This seemed
to me very peculiar. I therefore reexamined these figures,

wrhich had been found through application of a correction

for the conductivity of the water about as great as the

conductivity of the dissolved salt itsslf. The conducting

snbstance in water was indicated as dissolved carbonic

acid from the air. Evidently an examination must be

carried out, if the correction was right. This was possible

by means of an older investigation regarding the equili-

brium between any number of electrolytes In aqueous
solution (Zeit. Pins. Chem., 1S8S, ii., 296, and i8go, v., i)

and James Walker's determinations of the conductivity of

carbonic acid in aqueous solution [yournal Clumical
Society, icjoo, Ixxvii., 5). The result was that the

correction to be applied to Kohlrausch's and Maltby's

figures never reached more than o'oS per cent and falls

wholly within the errors of observation. In the interval

between the concentrations 10—5 and 3 10—4 Oitwald's

law is valid for NaNO, and NaCl with a value of

K = oo24 (at iS° C). Tne other four salts (KCI, LiCI,

KNO3, and LiN03) examined by Kohlrausch and Maltby
in the same memoir possess nearly the same value of K
(Medd. Nob. Inst., 1913, iii.,42).

In a quite recent memoir (Jonrn. Aincr. Chem. Soc,
igrS, xl., 131) Weiland has determined the conductivity of

potassium chloride, KCI, in extreme dilutions, with the

highest possible care and " ultra-pure " conductivity v/ater.

He found the constant K = o'j2, i.e., within the unavoid-

able errors equal to the value deduced by myself from
Kohlrausch s and Maltby's figures. The law of Ostwald
is valid at conceniraiions below 10—4. Sixteen other

univalent salts treated by Noyes and Falk give the same
value K = o'02 in the same interial (Washburn, yonrH.
Ainer. Chem. Soc., igi8, xl., 155).

g. The Freezing-point of Aqueous Solutions.— In 1885

Raoult showed that the freezing-point is an additive pro-

perty changing from 20 for univalent negative iors, e.s:-,

CI, NO3, &c., to 0-8 for hi- or polyvalent positive ions,

such as Ca, Ba, Al, &o. There are many exceptions ;

e.g., weak acids, as HCN, CH3COOH, give only about
half the normal value. In 1887 1 calculated all figures of

Raoult under the assumption that the molecule depression

of the freezing-point is 185, as demanded by the theory

of van t Hoff, for all kinds of molecules or ions. The
agreement was very satisfactory, and thereby a very strong

support was given to the electrolytic dissociation theory.

Some figures of Raoult were not concordant with the

theoretical demands ; these cases were re-examined by
myself in 1SS8 and the exceptions found to depend upon
errors of observation. The theoretical demands are com-
pletely fulfilled in extremely dilute solutions. For more
concentrated solutions the deviations may reach consider-

able values, especially for substances which are known to

have a great affinity for water, such as LiCI, MgCb,
CaClj, &c. A thorough examination by Noyes and Falk
{yourn. Amer. Chem. Soc, igi2, xxxiv., 455) gave the

result that for solutions that are not more concentrated

than O'l normal the difference between the observed

figures and those calculated from the electric conductivities

does not reach more than 2 per cent for electrolytes con-

sisting of two univalent ions. The same is true for

potassium sulphate and lead nitrate. Hygroscopic salts

with divalent positive ions show much greater deviations,

the lowering of the freezing-point being greater than the

calculation demands.
10. Devintions in Concentrated Solutions.— In general

the lowering of the freezing-point is greater in concen-

trated solutions than the theoretical value. Kxception

marks solution of copper sulphite, zinc sulphate, cad-

mium iodide, and similar salts in which double or complex
molecules have been proved to exist. Some authors, as

Bjerrum, have therefore expressed the opinion that such

electrolytes as KCI are wholly dissociated in solution, and

that the observed deviations from the theoretical value
are due to electric attraction between the ions (Fysish
Tidsshrift, 1917, xv.. No. 2). Milner has calculated the
said eflect of the electric charges, and Bjerrum finds it

agree rather well with the observations for KCI. According
to Adams's measurements (Jonrn, Amer. Chem. Soc,
igiS, xxxvii., 495), which are in best accordance with
those of Bedford and Jahn, the observed freezing-point of
dilute solutions (up to o'l normal) of KCI agree with the
values calculated from the conductivity within ooooi' C.
Hence the idea of Bjerrum that the electrolytic dissocia-

tion of KCI and other salts is complete seems not to agree
very well with experience. Much more peculiar is the
hypothesis forwarded by Snethlage that the salts, and in

general strong electrolytes, should not be dissociated at

all [Zeit. Phys. Chem., 1913, Ixxxv., 211), which has
aroused a great deal of discussion.

It should be remembered that in higher concentrations
the values of the molecular conductivity and of 'he

molecular lowering of the freezing-point are dependent
upon the unit in which the concentration is expressed.

Thus, for instance, the great deviations from van t Hofi's
law for the molecular lowering of the freezing-point for

cane sugar, which occur if the concentration is expressed
in grm. molecules per litre, nearly wholly Disappear if the

calculation is based on molar concentration. The still

remaining disagreement may be explained by the rather

probable hypothesis that each molecule of sugar binds

five molecules of water. (Compare Fraser and Myrick,
yourn. Amer. Chem. Soc, 1916, xxxviii., 1907.) Through
the investigations of Washburn and others it is very pro-

bable that the ions bind rather great quantities of water,

which must be taken into consideration when molar con-

centrations are used, which seem to give the best results.

Here rather much work remains to be done before a clear

idea can be formed regarding the exact magnitude of the

deviations at higher concentrations.

ir. Velocity of Rene lion.—As early as in 1S84 it was
pointed out that those acids are the srjngest which are

dissociated in the highest degree. Ostwald showed that

the catalytic action of dfterent acids in hydrolysing cane
sugar 01 ethyl acetate is nearly proportional to their electric

conductivities. In 1889 I examined this question nearer,

and found that the catalytic activity was nropt rtional to

the qua tity of H ions present, and further, that foreign

substances, specially electrolytes, but also other substances,

exerted an accelerating infiuence on the catalytic process
;

in this case the inversion of cane sugar was observed.

This Infiuence is so great that an addition of a neutral

salt not only diminishes the velocity of reaction of a

strong acid, which we might expect as a consequence of

the diminution of the degree of dissociation of the cata-

lysing acid through the presence of the salt, but even
increases it. Most authors therefore suppose that the un-

dissociated molecules of strong acids such as HCl react

more rapidly than their H-ions. II the problem is regarded

in this manner, it is found that the quotient of the activity

of the undissociated molecule to that of the H-ion is the

greater the higher the dissociation constant of the acid, 30

that for weak acids the activity of the undissociated

molecule may be neglected.

There is also another method of explaining the action

of foreign substances. The velocity of reaction is pro-

portional to the osmotic pressure of the reacting substance.

In the case of inversion of cane sugar, the pressure of the

H-ion and that of the cane sugar come intoconsideration.

.Now, it is well-known that the freezing-point of an

aqueous solution containing sugar and a salt is lower than

the sum of the freezing points of the sugar alone and of

the salt alone in the same volume of water. The same is

the case with a solution of ethyl acetate and salt (Riacte,

Medd. \ob(l Inst., 1911, ii., ol- Hence, also, the osmotic

pressure of the mixture is greater than the sum of the

osmotic pressures of its components. The difficulty is to

say how much the osmotic pressure of each component
has increased. In one case, this is possible, namely, for

.1.9'
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the osmotic pressure of Il-ions from 01 N HCl in thR

presence of different quantities of KCl (Harned, jfourn.

Amir. Ghent. Soc, 1915, xxj vii., 2460). That this action

may suffice for the explanation of the action of neutral

substances I have tried to prove on the observations

published hitherto (Arrhenius and Andersson, Medd. Nohel

Inst., 1917, iii., 25).

The dissociation of weak acids decreases very much
through addition of their salts. This causes a propor-

tionate diminishing of their velocity of reaction, in full

agreement writh theory. O.i the other hand, the addition

of salts of strong acids (such as HCl) increases the

velocity of reaction of weak acids. This effect is also

provided by theory (Arthenius, Zcil. Phys. Cliem., 1890, v.

,

i). The degree of dissociation of indicators becomes also

increased in a high degree through the addition of neutral

lalts.

Goldschmidt and Thueren (Zeit. Phys. Chtm., 1913,

Ixxxi., 30) have investigated the velocity of reaction at the

formation of esters through the action of organic acids on

methyl alcohol in which they are dissolved. This action

goes on very slowly, but is accelerated by addition of

stronger acids, such as HCl or picric acid. They found

that the velocity is neatly proportional to the concentra-

tion of the hydrochloric acid and not to the number of

H-ions present. At the experiments with picric acid the

addition of a picric (o-i5/N to o-i/N picric acid) does not

diminish the velocity of reaction in such a high degree as

might be expected—lO instead of the theoretical value

i-ii. The authors ate thereby carried to the conclusion

that the undissociated parts of the acids play an important

rule as catalysers — Snethlage used this material for his

deductions (see Sec. 10). For the weaker trichloibutyric

acid the agreement with the theoretical values is very

satisfactory.

These circumstances remind rather much of those

occurring in aqueous solutions, and the deviations from

the theoretical values seem to be of the same order of

magnitude in both cases. The unknown factors are not

so well known for the alcoholic solutions as for the

aqueous ones. We therefore want still more experience

before strict conclusions can be drawn. On the whole, it

may be said that the dissociation theory corresponds as

well with experience as may be expected in the present

state of out knowledge.

KIMBERLEY DIAMONDS : ESPECIALLY
CLEAVAGE DIAMONDS.'

R. SUTTON, M.A., Sc.D.. F.R.S.S.A.

(Concluded from p. 58).

By

14. Diamonds in the Matti.i.

Bauer tells us (p. 192) that different portions of one

and the same broken diamond are never found lying close

together in the matrix. He should have said that he had

not heard of such a case. A? a matter of fact a

shattered diamond, mixed up with gstnet and olivine, was

extracted from its kimberlite matrix in the De Beets

sorting office a few years ago. Furthermore, on two or

three occasions it has happened that a diamond has been

pieced together from its fragments found in the same

wash, proving either that it had been broken in the

machinery, or that the same fragments had come from

somewhere close together in the pipe. And no doubt

other fragments could be so pieced together if the sorters

had nothing better to do than look for them. For another

thing the finds of broken diamonds in the matrix have

not been over many, much too few indeed to formulate

general conclusions upon. Of the hundred or so specimens

of diamond in the matrix which have reached the sorting

• From th« Tramaclions of the Royal Sociity 0/ South Africa

vii., Part I.

oflice, the majority have been whole diamonds. More
specimens could have been procured, no doubt, had they

been sought for, especially in the hard blue ground lumps

mined from the deeper levels of the De Beers or the

Kimberiey Mines; but a diamond in the matrix takes

some finding, and a searcher might have to turn over many
tons of rock before setting eyes on a diamond. At any

rate, twenty is a liberal estimate of the number of broken

diamonds found in their matrices that have been available

for investigation ; and there is no earthly reason why in

some of these twenty cases we might not have found

corresponding fragments of the diamonds could we have

found corresponding halves of the matrices. Speaking of

matrices, a line lump of kimberlite, in dimensions about

five inches long by four thick, picked up some years ago,

contained two well formed diamonds, one a large yellow,

the other a small brown one.

15. Yellow Diamonds.

A word must be said about yellow diamonds. From the

representative assortments of Pool and Dutoitspan

diamonds, given near the beginning of this paper, we get

the following comparisons :
—

Pool. Dutoitspin.
Per cent. Per cent.

All stones I9'24 24-96

All cleavages 38'g8 4171
Rejection chips, rubbish, and b3rt .. 4177 33'2i

Thus there are twice as many cleavages as stones in the

Pool, and about one and three quarter times as many
cleavages as stones in the Dutoitspan. Of these, yellow

diamonds alone (including off-colours) are

—

Pool. Dutoitspan.
Per cent. Per cent.

Yellow stones 768 8 66

Yellow cleavages 11-04 993

and leaving out brown and " fancy " (which arc largely

brown) diamonds, which ate

—

Pool. Dutoitspan.
Per cent. Per cent.

Fancy stones — 3'°i

Brown cleavages 579 7'88

we have left, of faintly tinted diamonds, whether spotted

or not

—

Pool. Dutoitspan.
Per cent. Per cent.

Stones other than brown or yellow . . 11-56 13-29

Cleavages other than brown or yellow 2215 23-90

That is, the ratio of yellow cleavages to yellow stones

is less than the corresponding ratios of brown or of

colourless diamonds. It must have been on the basis of

some such results as these that Bauer thought he had

discovered that coloured diamonds resist fracture better

than white ones. Pool information was probably all he

had at his disposal at the lime.

The significance of the above Pool and Dutoitspan

statistics is to be gathered from the fact that foreign

orystal inclusions in yellow diamonds are scarce. It is

rare indeed for a yellow diamond to come in with a garnet

or other mineral embedded in a broken face; and still

more for such a mineral to be seen inside a whole stone.

With regard to the latter contingency, however, it must

be admitted that it would not always be easy to see an

inclusion through the common sulcate faces of a yellow

stone, though the former is evidence enough that foreign

inclusions cannot b<i frequent. Again, South West African

diamonds are often yellow, and the percentage of

cleavages to stones is not great among them. An irregular

yellow diamond, with grey corners, in my possession con-

tains a garnet in a broken face. A piece of the garnet baa

been broken away exposing an excellent surface of attach-

ment on the diamond. Spaces in the cavity between th«
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diamond and the garnit are filled ap berg and there, as

usual, with an opaque white substance.

The impression one gathers by way of inference from
all these particulars, as well as from a scrutiny of the

produce of the various mines round about Kimberley, is

that nearly every yellow stone was formed rapidly in one
piece out of a single bubble of liquid carbon (stained with

iron oxide), or out of a bubble of some solvent containing

carbon, thus excluding foreign solids ; whereas the

Wessclton or the Bulttontein octahedron was built up
more slowly, step by step, and layer by layer, thus incor-

porating foreign solids in the diamond mass. Naturally,

a small, loose, foreign, solid body in a cavity larger than
itself, occupied by a carbon bubble, would lie at the

bottom of the hole if its specific gravity were greater than

that of the bubble, or at the top if its specific gravity

were less, and in either case need not be imprisoned in

the final diamond crystal, though it might stick to a

natural face ol it. In the case of a diamond crystal con-

tinuing to grow by accretion of matter from adjacent

carbon bubbles, the foreign solid might be imprisoned in

the crystal, but not otherwise. Now clearly there would
be more chance of this accretion in magmas where the

bubbles were smaller and more numerous—as must have
been the case for certain in the VVessrIton and Bultfontein

Mines—than in magmas where the bubbles were larger

and much further apart, as at Dutoitspan. In other words,
assuming that diamonds can grow if they get suitable

opportunities ; they got plenty of opportunities in Wes-
selton and Bultfontein, but not many in Dutoitspan.

Thus, on this \ lew, there is a relativity between

—

(n) The numerous accretionary structures;

{S) The frequent foreign inclusions ;

(7) Tbe numerous and small diamonds, of such a mine
as Wesselton ; and

(a) The few accretionary structures
;

(fl') The rare foreign inclusions ;

{y'} The fewer and larger diamonds, of such a mine as

Dntoitspan.

And this view is confirmed to my mind by such casual

inspection as I have been able to make of diamonds won
from mines situated outside the Kimberley district. In

particular we may say that where diamonds are few or

many in number, in any mine, there accretionary struc-

tures will be rare or numerous respectively. Wesselton

diamonds are singularly accretionaiy.

How far apart from one another Kimberley diamonds
tn iitit are may be illustrated by some examples. From
May 16 to June 5, 1917, eighteen working days, 129,640

loads, 2,074,240 cubic feet, of Dutoitspan blue ground

were washed, yielding 20,957 carats of diamonds of all

sizes, of which a first count gave 40,800 tiny diamonds
averaging 78 to the carat (and only worth a penny a

piece Ij, and 36,600 larger ones, of which one was of

125 carats and another of 174 carats ; 77,400 diamonds
in all, or one to every 27 cubic feet of broken blue ground,

equivalent to one diamond to every 17 cubic feet of

solid ground before mining. A similar count for Bultfon-

tein showed 174,300 tiny diamonds and 207,900 larger

ones, 382,200 in all, in 940,390 cubic feet of solid ground,

or 1,504,624 cubic feet of broken ground, i.e., one

diamond to every 2A cubic feet solid, or to every 4 cubic

feet loose. Corresponding Wesselton results are 210,000

tiny diamonds and 232,000 larger ones, 442,000 in all, in

1,717,730 cubic feet of solid ground, or 2,748,368 cubic

feet of broken ground, i.e., one diamond to every 4 feet

solid or to every 6i feet loose.

Before passing to other matters, it is v/orth while to

suggest that the prevalent rounded form of yellow

diamonds is not due, as has been suggested, to attrition

or abrasion—the sulcate surfaces of these is suggestive

of anything but that— but to the temperature at which

they were crystallised and the influence of the colouring

matter they contained. (" Rounded edges and other surface

irregularities may, however, result from the corrosion of

a crystal subsequent to its growth "—L. J. Spencer, Art.
"Crystallography" in " Ency. Brit.," nth ed., igro).

Surface abrasion is only shown to perfection on diamonds
won from alluvial gravels). Some such reason may
account for the Pool or the Dutoitspan macles. A
remote analogue is the fact that it is the presence or

absence of magnesia which has determined whether the

red crystal of the Burma ruby mines was to be the

regular spinel or the rhombohedral ruby -remote, because
in this case the magnesia is an important constituent of

the spinel. A closer analogy is the prevailing prismatic
habit of the (red) ruby as compared with the pyramidal
(blue) sapphire ; also aquamarine and emerald crystalline

in somewhat dift;rent habits. On the other hand,
variations in composition do not much affect the habits

of garnet and tourmaline. Speaking at large, it may be
said that among Kimberley diamonds form depends to a
great extent upon colour. Thus, octahedra tend to be
colourless

;
yellow diamonds are mostly rounded ; bright

yellow macles are decidedly uncommon, even in mines
where yellow diamonds abound ; ordinary grey bort,

when it is symmetrical, is generally in cubes and spheres.

16. Diamond Enclosures.

Just as foreign crystal inclusions are fr ind in diamonds,
so diamonds are found embedded in foreign crystals. It

is the garnet that is chiefly seen associated with the

diamoid in this way. All Kimberley garnets are rolled or

broken pieces, scarcely ever, if at all, possessing natural

crystal faces. Generally also, though not invariably, the

embedded diamond shows signs of wear and tear,

proving that it must have had a history before the garnet
formed upon it. Since, then, garnets are found in

diamonds and diamonds in garnets, it follovvs that both
must have originated in the same era of geological time
and have crystallised under similar conditions.

Crystal diamonds and bort are also found related to

each other in a similar way.

r7. Yield,

The following table, taken from the last Annual Report
of the De Beers Company, is interesting. It shows the

yield in carats per hundred loads of Wesselton and
Bultfontein blue

—

Table shozoing the Yield of Diamonds for Wesselton and
Bultfontein.

For the 12 months Wesselton. Bullfontein.

ending Jone 30. Carats. Carats.

1898 27 —
1899 30 —
igoo 30 —
igor 30 —
tgo2 30 21

1903 30 24
1904 28 2g

1905 28 41
igo6 28 36
1907 32 3-
1908 27 32

1909 34 38
1910 32 37
igir 27 38
r9i2 29 4r

1913 27 42

1914 28 38
igij 26 35
1916 26 40

U the diamond content of the pipes be assumed con-

stant at all depths, we should expect that belter methods
of extraction with progress of time, to give better yields.

Since there are no signs of a better yield at Wesselton,

the conclusion ought to be that the ground there gets

slightly poorer with depth. At Bultfontein there would

seein to have been an improvement with depth. At the
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lattet mine there is & rough bort of correlation, accidental

at not, between the yield and the quality of the diamonds
given by it which may be expresicd thus—When the

yield of carats pet hundred loads increases, the percentage

of inferior diamonds tends to decrease ; in other words,

the diamonds are of the best quality where they arc

packed closest together. When Nature had an abundance
of material she used it well in the interests of the market

!

This is for any given mine ; it does not apply comparing
one mine witn another. For instance, Bulttontein has a

higher yield than Dutoitspan, but not such good diamonds.
Hultfontein blue ground is somewhat patchy ; Wesselton,
though poorer, is more uniform.

The De Beers and Kimberley yields are published

together as one. Annual values are given in the following

table :
—
Tabli ihouiing the Yield of Pool Diamonds.

For the 12 months
eodiog June 30.

1892
1893
1894

189s
I8g6

1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908

1909
1910
1911
1912
1913

Carats.

92
105

89
85
91

92
80

7>

67
76
76
61

54
46
41

37
37
42
38
28

3>

Prior to the amalgamation ol the various small com-

panies working the Ue Beers and Kimberley Mines, the

yield was considerably over 100 carats per 100 loads.

Not only that, but many of the smaller diamonds used to

be thrown away in the rough and ready methods of

winning, leaving great heaps of tailings and debris well

worth washing again in later years. Thus it would seem

that the greatest wealth of these two mines was concen-

trated in the upper levels. On the other hand, only the

richer areas were worked to any great extent in the

earlier years, the poorer areas being left to spoil the

averages ot later times.

The Dutoitspan yield for the four years igii-14 averaged

about 22 carats per too loads.

18. Anomalous Behavioiii' of Diamonds on the Grease
Tables.

Diamonds appear to have a curious affinity for lime.

It was discovered some years ago that diamonds from the

Wesselton yellow ground were not readily caught on the

grease separators, while it was exceptional for a diamond

from the blue ground to fail to be caught. Experiments

showed that yellow ground diamonds cleaned in acid lost

their nonadhcfive property and behaved normally on the

tables like blue ground diamonds, whereas blue ground

diamonds immeised for a few days in a paste ot soft

magnesium limestone, or ol yellow ground, or in water

that had been shaken up with lime or with yellow ground

anJ dried, would not stick to the grease. Evidently the

diamonds had acquiicd a ihin coating of lime, which

when wetted, lessened the suiface tension between them

and the grease, and so caused them to behave like the

ordinary gravel of the heavy pulsator deposit. Yellow

ground, by the way, contains a large admixture of lime,
some specimens losing a good half of their weight after
treatment with aqua regia.

It Is curious that diamonds left in the blue ground on
the depositing floors for a number of years slick to the
grease-tables less readily than those which are freshet
from the mine. Some Bulttontein diamonds recently
washed have this peculiarity. It is not unlikely that they
have acquired a fine coating of lime from the soft lime-
stone of the depositing flours.

ig. Electrical Conductivity.

True bort, and especially stewartite, is a good con-
ductor of electricity. The regularly crystallised diamond
is not, as is sometimes asserted, always a bad conductor.
It is a bad conductor if its quality and texture be good,
but it it be not highly transparent its electrical con-
ductivity may be nearly as high as that of bort. Wetsel-
ton black bort, for instance, which is regularly crystallised,
though mostly in fragments, has a conductivity inter-
mediate between transparent diamond and true bort.
Some semi transparent diamonds, greens and browns, are
almost as good conductors aSjWesselton bort. Further,
the conductivity will pretty often have different values
along different directions of the same stone. As a rnle,
the better the quality the lower the conductivity, one
exception being that shot bort, though a worse conductor
than ordinary grey bort, is a better than Wesselton black
bort. We may arrange diamonds in order of conduc-
tivity, from the lowest to the highest, somewhat as
followz :

—

Fine transparent diamond.
Inferior transparent diamond.
Semi-transparent or translncent diamond.
Wesselton black bort.

Shot bort.

Ordinary grey bort.

Framesite (Transvaal black bott),

Stewartite.

It would appear from this that impurities have as much
to do with the electrical conductivity of diamonds as the
habit has.

20. Relative Values.

The relative average values of diamonds exceeding
about ooS carat each in weight, Irom each mine, are
approximately

—

Dutoitspan 100
De Beers 86
Kimberley 76
Wesselton 68
Bultfontein 51

Addenda.

1. On the term "Made" (see 5 i).—According to
English and French dictionaries, the word is generally
said to be French and to be derived from Latin macula = 3
spot. Now it is true that most macles of diamonds are
spotted ; but so are many well-shaped octahedra. Spots,
indeed, are not by any means characteris ic of macles,
nor the most prominent feature. What is characteristic
and prominent in macles is their shape and structure, so
well expressed by the Dutch name " naadsteen " (seam-
stone). There is another French made, namely, the
water cheiitnut [Trapa nalans), and in this case the origin
of the word has not been traced. Was d'Isle thinking of
the latter when he named the former ?

2. A Variation (n the Size of Wesselton Diamonds,
Depth of Working (^ee § 2).— It is curious that super-
imposed upon the irregular fluctuations of average size
taking place from year to year, their appears to have been
a definite increase in the average size ol large iVesselton
diamonds, i.e., in those of lu carats or more each. Also
it takes a smaller yield now to produce a large diamond
than it used to ; and the ratio of the weight of large
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diamonds to the total yield has incteased.
shown in a summary, e.g.,

Year. Average sije uf large
diamouds.

Manufacture of Chloramine-T.

This is best

67

i8g8 igo6 15 6 carats

1907-1907 15-8 „

One large
diamond in

769 carats

731 »

Ratio of total weislit
of large diamonds

to total yield.

2 per cent
2-2 „

3. Cubes and Spheres (see § 5). — Cubes of trans-
lucent and of opaque bort are fairly common in Bult-
iontein, and of semi-translucent bort in Wesselton.
Cubes of transparent diamonds also occur, though rarely.
The edges of the cubes are always much rounded. The
indentations of the surfaces of some cubes tend to a
square outline, giving an impression that the mass is built
up of a multitude of tiny cubes, whereas the indentations
of the surfaces of octahedra are mostly equilateral
triangles in plan. Many cubes, as well as octahedra, are
pitted with round holes {cf. § 12). An existing small
yellow cube of iransparent diamond shows Internal
strain. Spheres of translucent bort are called shot bort.
Apparently the crystalline aggregates in these incline to
a radical arrangement about a central nucleus, which in
most cases revealed by cleavage, if not all, consists of a
discrete core of diamond or bort.

THE MANUFACTURE OF CHLORAMINE-T.*
By J. K. H. INGLIS.

Althol-gh two years have elapsed since Dakin showed
the value of chloramine-T as an antiseptic, no detailed
account of the method of manufacture has yet been pub-
lished. The drug has shown itself of great value in cases
of cerebrospinal meningitis, diphtheria, <.\:c., and after a
trial of a small specimen which I had made, I was asked
to supervise the manufacture of a regular supply for the
military camps in New Zealand, it having been found
impossible to procure it outside the Dominion.

In Dakin's work the starting point for the preparation
was ^-toluenesulphonic chloride, obtained as a by-product
in the manufacture of saccharin. No such mateiial being
available in New Zealand, details had to be worked out
for the manufacture from toluene itself, and these details
form the material for this paper.

Sulphonatioii—Ihe, sulphonation of toluene with con-
centrated sulphuric acid leads to the formation of the
three possible monosulphonic acids; but the higher the
temperatuie the larger the proportion of /i-acid (Ber.,
1911, 2504), the highest proportion being 70 to So per
cent. The price of sulphuric acid being relatively high in
New Zealand, I found it best to use two parts by weight
of sulphuric acid (sp. gr. 1-84) to one part of toluene
(approximately equal volumes) and to carry out the sul-
phonation at tha boiling-point of toluene. 250 cc. of
sulphuric acid (f84) is heated to iio^ C. by immersing'the
reaction flask in a heated paraffin bath, and then 250 cc.
of hot toluene is added, the whole being very vigorously
stirred with a glass circulating stirrer. The efficiency of
the stirring is very important, as upon it depends the time
necessary to complete the sulphonation. This reaction
was carried out in a flasK fitted with a reflu.x condenser,
and only a small loss of toluene vapour took place, sul-
phonation being complete in about thirty minutes with
very little charring. Under these conditions about 75 per
cent of the toluene is converted into the ;i-sulphonic acid,
the remainder being a mixture of 0- and »>-acids, If this
mi.xture of acids was isolated, converted into dry sodium
salts, and treated with phosphorous pentachloride, the
/>-chloride could be obtained

; but as the other chlorides
would be useless there would be a considerable waste of
material. We therefore make use of Langes discovery

From the Journal 0/ Ihe Sodely of Clinnical ImUistiy, September,
igi9.

(&er. Pat. 57,391) that if water is added so that the
mother liquid consists of only 66 per cent sulphuric acid
then on cooling, the crystals that separate consist only of
the Nya-sc^d which separates almost completely—the
mother liquid retaining the 0- and «i isomers in solution
In order to carry this out, 45 cc. of water is added to the
reaction mixture after sulphonation as above and the
iquid poured out and cooled. The liquid rapidly crystal-
lises and sets to a crystalline cake, and on filtering ovtr
an asbestos mat (as in a Gooch crucible) nearly the whole
of the mother liquid can be drained away, leaving a white
crystalline mass, which proves to contain only small
amounts of 0- and w-impurities. The crystals that
separate appear to be the monohydrate, C7H-SO-H H,0
and correspond to about 75 per cent of the toluene taken'Hence about 25 per cent of the toluene is either lost asvapour or IS contained in the mother liquor in the form of
the 0- and m-acids. The separation by crystallisation is
however, not very sharp, and the mother liquid oilstanding continually deposits further crops, which how-
ever, are nearly free from the ^ora-acid.
The 0- and «:-acids being useless to us, experiments

were made by Mr C. L. Carter at my suggestion, to seehow conipletely the toluene could be recovered by the
action of superheated steam. It ws found that if the
liquor were heated to about 170' and then a brisk current
01 steam at 200^ were blown through it the bulk of the
toluene was rapidly evolved, the distillate containing at
hrst as much as 20 per cent toluene. When the percentage
fell below 5 per cent the operation was stopped, as further
continuance was hardly profitable (Armstrong, Voun,
Che,,,. Sec, 1S84, xlv., 148). The total amount thu
recovered was about r4 per cent, leaving 11 pet
cent not account for. Part of this is lost by evaporation
during mixing and subsequent sulphonation, and a small
part is left in the sulphuric acid. Probably most of the
remainder is lost by evaporation i,i vacuo during the
filtration of the crude acid.
The cake of crude p-acid is dissolved in water, slighllvmore than enough calcium carbonate is added to precipf-

tate the sulphuric acid as calcium sulphate, and the still
acid liquid is filtrated. It is then neatly neutralised with
caustic soda, made distinctly alkaline with sodium car-
bonate, boiled and again filtered. It is important to
rei.iove the calcium as completely as possible, as it maybecome a troublesome impurity in the later stages Thismethod gives a solution containing only scdium sul-phonate and sodium carbonate, and on acidifying with
hydrochloric acid and evaporating to dryness there
remains a pure white salt consisting of the required
sodium sulphonate with a trace of sodium chloride. The
sulphonate is so soluble in water that this seems to be the
best method of preparation.
Preparation of the Sulpho„ic Chloride.—This can easily

be prepared by heating together on the water bath approxi-
mately equal weights of sodium salt (dried at 140° C )
(191 gm.) and phosporous pentachloride (208-5 "ml In
this case the reaction takes place very rapidly a°nd easilyand a large amount of phosphorous oxychloride is obtained,
.ur. L-. b. Hicks, working in my laboratory, found how.
ever, that the oxychloride itself can be used according to the
equation 2XS03Na -)- POCI3 = 2XS0,C1 + NaPO = -f NaCl

fu ^^, K^'"^'^- u ^^ P" ""' >'^'''- Hence if less
than half rhe weight of pentachloiide be taken and themixture be heated some hours on the water-bath under
'',""", ""'''L"^" "'^ following reaction takes placed—
3X&03Na-l-PCl5 = 3XSO,Cl + 2NaCH-NaPO,. The pro-
portions of salt and pentachloride accordn<' to this
equation are 573 to 208-5, or 2 3/410 1 ; but th°e reaction
IS very slow towards the end as the mass becomes loo
dolid and the yieln is apt to decrease. This trouble might
be avoided by using the theoretical proportion of penta-
chloride and sufhcient oxychloride, which should then be
recovered unchanged. An experimental trial of this gave
92 per cent yield, but the oxychloride was not recover-
able. We therefore used 2 parts of sodium salt for each
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put of p:ntachlor<de, and tbe action tben conr.riletes

itself more eaei!y, and only small amounts of oxycblorlde
are left over— the reaction being allowed to go on o\ et

night under retld\ condenser on a water bath. Tne oxy-
chloride is then distilled oil I'l vicuo and the residue put
into cold water. The sulphonic chloride is the only part

insoluble, and \i separated by lillralion : a small amount
of oily impurity (o- and m-sulphonic chlcr'des) can be
pressed out from the solid cake. The yield is nearly
quantitative, g5 —gg p:r cent. The solid sulphonic
chloride still contains small amounts of 0- and ui-im-
puriiies, but these are gradually eliminated in the later

stages.
(To be coDtiDued).

THE CONFIGUR.\TIONS OF ORG.\NIC
COMPOUNDS .\ND THEIR RELATION TO
CHEMICAL AND PHYSICAL PROPERTIES.'

By .\RTHUR MICH.VEL.

(Cootinued from p. 55).

Catalysis.—This phenomenon depends on the formation
of a " polymolecule " of the or^janic substance and the

catalyte (Michael, ini. Cliem. yotini., lyoS, xxxix., j ;

Attn., igi2, cccxc, 4j), when the added free energy in

the system enables the increase of entropy, accompanying
tbe transmutation of a malelnoid into a fumaroid derivative,

to take the place at a lower temperature, or when it is

already proceeding, with acceleration of velocity. Ibis

hypothesis, which offers the only known explanation of

the relations between the quantity of the catalytic reagent
and the course of tbe reaction (Michael, Am. Cliem.

yonrn., igoS, xxicix., 4), and aho the effect of energy in

status naccns (Ibtd., 5) (56), has been already applied to

e.xplain a number 0! stereomeric reactions (loc. cit., pp.

•t— 14).

In this paper another problem, the catalytic behaviour
of bromine in stereomeric rearrangements, will be con-
sidered, as in this field untenable conclusions have been
drawn from apparently paradoxical facts. VantHoft's
observation (" Dix .Annees dans I'Histoire ThiJorie, 18S7,

go), that maleic acid in concentrated aqueous solution

gives at once in sunlight and with a trace of bromine a

precipitate of fumaric acid, was continued by J. Wislicenus
("V'eth. siech Gesell. zu Leipzig," iSg5, p. 4Sg) (57), who
was able in this way to stereomute up to g^-$ per cent, and
who extended the method to allocrotonic and angelic

acids. Wislicenus also found that tigiic dibromide is

partially converted into angelic dibromide, and this fact,

with the observed liniination in the conversion of maleic
acid, led him to conclude that the reactions are reversible

;

i.e., that the fumaroid acids are partially catalytically con-
vertible into the maleinoid stereomers.

Hitlig {Ann., iSgS, ccciv., 117) showed that citraconic

acid in solution and in the dark is not stcreomerised but
adds bromine slowly, while in the sunlight up to Ci per

cent of mesaconic acid is formed, and also concluded that

tbe catalytic reaction is reversible. He apparently sup-
potted tbe view by proving that dimethyl fumaiic acid is

trans'ormed in chloroform solution by traces of the

halogen to the extent of about gj per cent into the

maleinoid acid, which then decomposes into anhydride
and water.

Wislicenus assumed cisaddition to angelic and ti^lic

acids, and accordingly grouped the dibromides with the

mother substances, but we now know that trans-addition

takes place, and a comparison ot the configurations of the

dibromides shows that a reversion in the energy relations

has occurred (yjiirn. Am. Chem. Soc, igiS, xl., 715). The
consersion of the maleinoid tigiic dibromide into the

fumaroid angelic derivative is therefore not anomalous.

' From ilic Journal of Hit .1 mttican Chemical Society, xl., No. 11.

With the symmetrical introduction of two methyl
groups into maleic (Ki, 1170x10-5) and fumaric
(Kj, goxro-5) acids, changes in the relative energy re-
lations occur which bring those of the new acids much
nearer together than they are even in citraconic
(Ki, 340 X 10-5) and mesaconic (K,, 70 x 10-5) acids {loc.

cit. 719). This means that the stereomutation of dimethyl
fumaric acid requires much less energy than that of
fumaric acid ; but the final product in the conversion is

dimeihyl maleic anhydride, which is formed spontaneously
from the acid ; i.e., with loss of free energy, and which
may be the factor which determines that the change,
dimethyl fumaric acid —> dimethyl maleic anhydride plus
water, proceeds with a decrease of free energy. Evidently
this reaction cannot be considered an illustration of a
catalytic transformation proceeding with an increase of
free energy in the newly formed substance.
That the subject of catalysis and of balanced reactions

in organic chemistry is in such confusion is largely due to
the improbable theoretical conceptions with which it has
been burdened by the physical chemist. It begins with
the definition that catalysis Is due to the presence of cer-
tain substances which accelerate the velocity of reactions
already proceeding in their absence (5S). The free
energy in any mechanical or chemical system must be
able to overcome the hindrance to a change, which is

otherwise not conceivable. To assume, as is done in the
often-quoted typical illustration, because hydrogen and
csygen may be united catalytically, or at a high tempera-
ture, the union is proceeding at all temperatures above
absolute zero is certainly not scientific.

Again, it is stated that a catalyte cannot influence the
' atfnity of a process." an unfortunate phrase, as a process
does not show an affinity, and that its "action does not
extend to the motive force of a reaction, but to overcome
the hindrance to the progress." Tbe latter indefinite
assumption is contrary to the function of catalytes acting
chemically which depends on the formation of " poly-
molecules," whose motive forces thereby become greater.
Such a relation, however, does not contradict the second
law of thermodynamics, since in the final phase of the re-

action the catalyte is present without any change in its

energy content.
Furthermore, the statement that a " catalyte does not

take part in the reaction ' is open to criticism as being
ambiguous, and the further statement that a catalyte
must " invariably change the velocity of the reaction in a
reverse direction," is by no means beyond doubt. The
Utter assumpt on is closely connected with the physico-
chemical explanation of the cause of balanced reactions,
but in the only organic reaction that has teen thoroughly
examined e.xperimentally, i.e., iso-C4H,,Br "r^ tert.-

C|H,,Br, this explanation has been proven to be untenable
(Michael and collaborators, Ann., igio, ccclxxix., 286

;

iyi2, cccxcii., g2 ;
yourn. Am. Chem. Soc, igiG, xxxviii.,

654; compare Brunei, Aim., igii, cccl.xxxiv., 245;
yourn. Am. Chem. Soc, igi7, .\.\xix., 1978) (59).

This brings us back to the assumptions of Wislicenus
and Fittig, that bromine does not catalytically convert the
maleinoid ethylenic acids into the fumaroid forms com-
pletely, because the reactions are reversible. A chemical
reaction is always feasible under ordinary conditions if

there is a possibility of an increase of entropy, which
itself depends on physical as well as en chemical changes

;

in fact, on the sum totil of all the involved energy
changes (yourn. Am. Chem. Soc, igio, .sxxviii., 654, foot-
note 4). To convert fumaric acid into maleic acid would
require a considerable expenditure of energy, which in the
above case could have only been obtained from the solvent,
but as maleic acid is much more soluble in water such an
e.idothermic reaction is extremely improbable. From
any point of \ iew fumaric a:id should be formed in

theoretical amount barring the small quantity of di-

bromide that is formed at the same time (Wislicenus,
" Verh. Saech. Gesell. zu Leipzig," i8g5, p. 489), if it

weie completely insoluble in the surrounding media, and
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the insolubility factor undoubtedly dominates in the extent

of this stereomutation. Indeed, it may be the neans of

transforming a fumaroid into a maleinoid derivative

catalytically ; £.^., mesaconic acid is much more soluble

in ether than citraconic acid, and if its •' polymolecule"
with bromine should have sufficient energy to overcome
the hindrance to stereomerisation the malemoid acid would
be formed to an extent depending on the insolubility

factor. (An investigation of this subject with the use of

different solvents and also with the products kept in solu-

tion would be of great theoretical interest).

KiterificatioH (60).—The direct process in the crotonic

acid series was examined by Michael and Oecbslin (Bcr.,

igio, xlii., 322), and no general relationship could be

traced between the velocity and the affinity constants ;

butyric acid showed a much greater velocity than either

of the stronger crotonic acids. Later, Thomas and
Sudborough (jfouni. Cliem. Soc, 1912, ci., 317) proved

tliat this relation holds between other saturated and
ethylenic a,j3unsaturaled acids, and deduced the following

rules from their experimental results :— I. Where the dif-

ference in the strength of the acids is not very marked
the unsaturated 0,8 acid is esterified less readily, although

it is "slightly stronger," and II. unsaturated (3,7acids are

esterified more readily than the corresponding saturated

acids. Rule I. is based in part on a comparison of the

affinity constants of acids with dissimilar configurations ;

thus, the value of (trans) cinnamic acid (3-5x10-5) is

compared with that ot (cis) hydrocinnamic acid(2-3 x io-5),

and the true analogue, allocinnamic acid (i.\ 2 x lo-i), is

decidedly stronger. Indeed, it is mote than doubtful if a

general connection exists between the affinity constants

and the esterification velocities of these acids, although in

respect to the latter values the following rule appears to

be valid :—The cis and trans-forms of ethylenic o,/3-acids

and their a- and 3 monochloric-derivatives are esterified

less readily than the corresponding saturated acids. Rule

II. was deduced from the behaviour of ttans-^.T-acids, and

as no data for the corresponding cis-derivatives is at hand
it should be restricted to trans-compounds.

The rules show conclusively that in direct esterification

the determining factor cannot be, as supposed by Stewart

("Stereochemistry," p. 321), the "strength of the acid," as

the stronger (61) unsaturated trans-o,,(3-acids under I. show
much smaller velocities, while the likewise stronger

trans-S,7-acids under II. show larger values than the

corresponding saturated derivatives. Thomas and

Sudborough's results also prove that in isomeric trans

acids unsaturation in the a,i5-position has a much greater

retarding effect than in the 18,7-place, which is opposite

to their influence on the affinity constants.

In direct esterification the writer {Ber., IQ08, xlii., 312)

assumed the primary formation of a " polymolecule " of

acid and alcohol ; then in accordance with Henry
{Ber., 1877, X., 2041) that of the additive product

R—C(0R)(0H)2. which decomposes into ester and water.

According to this view the velocity depends primarily on

the relative quantity of the free energy in the carbonyl

of the acidic group, and on the affinity relations of its

carbon and oxygen to the alcohol addendum. If the

effect of a chemical change is to increase all these factors

then an acceleration necessarily follows ; otherwise the

change depends on a resultant which cannot be foreseen

with certainty.

The transition from propionic to acrylic acid removes
34 4 5 I I

H-f H and H f H from the C and O of the cacbonyl,

which increases the free energy in that group, and also

the affi.nity of the oxygen to the alcoholic hydrogen of the

addendum, but decreases that of the carbon to the

CjiHj,! nO— group to a greater extent, as the influence

3 5

of H is greater than H, and carbon is chemically the

more "plastic" element (Michael, Journ. Am. Chcm.

Soc, 1910, xxxii., 995). Since the resultant of these

I
orces is decidedly negative we should expect the same

relation between other pairs cf similar saturated and
unsaturated acids (Rule I.).

The change from acrylic to crotonic acid introduces
4 5 5 6

CH3 and CH3 as positive groups in the trans-positions to
I I

the C and O, which cause a decrease in its free energy,
and a proportionately greater decrease in the affinity of
the carbon than increase of that of the oxygen to the
addendum. These are the same affinity relations as before,
and the velocity should decrease.

A further fall in the velocity takes place with the sub-
stitution of the cis-H in crotonic acid (t'4 per cent; by
CH3 ; i.e., dimethylactylic acid (o(3 per cent), because it

(5 56
introduces the positive CHj to the carbon and CH3 to the
oxygen of the carbonyl, and for the same reason the value
for trans a,8 pentenic acid (08 per cent) is less than that
of crotonic acid. The shifting of double linkage from the
a,i3- to the 3,T-position brings the positively acting
= J 3 4 II
CHj + CHj to the CO, in place of the negative

23 3 4
influence CH-fCH, and is accompanied by a large
velocity increase (Rule II.). Thomas and Sudborough
{jf'ount. Clieiii. Soc, r9r2, ci., 317) Iso found that the
values of the saturated normal valeric acid (13 per cent)
and fl phenylpropionic acid (iS-2 per cent) are less than
those of the /3,7-unsaturated ethylidene propionic (226
per cent) and benzylidene propionic (394 per cent) acids ;

and they give the rule that /3,-)'-unsaturation increases the
velocity. This conclusion is too broad and should be

4 5
restricted to trans-/3,7-acids. In this change H-f H to

5 6

the carbon and H-fH to the oxygen of the carbonyl are
eliminated, and theoretically the velocity should decrease
but to a much smaller extent than with a ii,d-uns3turation.

According to these chemists if the o.S.Aacids are very
much more acidic than the corresponding saturated
derivatives the velocity relations are reversed, and the
fifst acids are easier esterified. This conclusion appears
to have been based on a comparison of the acid methyl
nialeate (21-8 per cent) and the acid methyl
succinate (ii'3 percent), but the true stereo analogue is the
acid methyl fumarate (Bruni, Atti Accad. Lincei, 1904,

^5] , xiii., I., 626), whose affinity constant should be less

than that of the acid maleate, and whose esterification

velocity may not be as great as that of the acid succinate.

The great increase in the reaction velocity of the maleate
is due to a carbon and the oxygens of the carbmethoxyl
group being in the 5 and 6 cis-pcsitions to the carbonyl of

the carboxyl, which greatly increases its free energy and
additive capacity for the alcohol.

Notes.

56. Here chemical explanations of Skraup's observa-
tions are g'ven (Monatsh., 1891, xii., 133— 141). There
is no theoretical or exparimenlal foundation for this

chemist's view that catalysis is directly contingent on
secondary chemical processes ; on the contrary, facts are

known that disprove it; nor does his "chemical re-

sonance " throw any light on the subject. It is merely an
improbable suggestion.

57. VVislicenus overlooked van't Hoff's earlier

observations.

58. Nernst, " TheoretischeChemie," 1917, p. 574. The
following definitions are taken from this book, as it is

usually considered authoritative on physical-chemical

subjects.

59. The writer believes that the relations disclosed in

bis investigations on this subject are not uncommon in

reversible organic reactions.

60. Many of the conclusions given by Werner in his

" Lehrbuch der Stereochemie " (pp. 377—400) on this

subject are untenable, as the different relations to struc-
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ture shown in ditect and catalytic estecilication were not

taken into consideration.

Oi. In the bexyl series the relations are reversed {joiirii.

Am. Chem. Soc, igrS, xl., 719).

(To be coDtioued).

PROCEEDINGS OF SOCIETIES-

KOVAL SOCir.TY.

Ordinary Melting, January 23. 1919.

Sir J. J. Thomson, O.M., President, in the Chair.

The following papers were read :
—

"Experiments DemonstnUing an Electrical E^ict in

Vibrating Metals." By Admiral Sr Henry Jackson,

G.C.B., F.R.S., and G. B. Bkvan, D.Sc.

Experiments are desctibed which demonstrate the

electrical eiTect produced by vibration in wires and other

metallic bodies, and a means of detecting and recording

them by means of searching coils connected to delicate

recording apparatus.

The dnninution of the effect when the surface of a

steel wire is rusted is dealt with, in continuation of a

paper by one of the authors on the subject ol vibrating

wires.

The inductive eltect of a vibrating wiie on a neighbour-

ing circuit is mentioned, and that this led up to the fact
j

that all metallic bodies experimented with, whatever their
|

shape or material, generate eddy currents, which can be

detected in them by using suitable searching coils.

That thisellectisprimarily due to the vibrating conductor

cutting the lines of the Earth s magnetic field is proved

by the experiments ; but that there seems to be a residual

effect, not at present fully accounted for, which is greater

than can be attributed to experimental errors.

Details of the tests are described. These have been

carried out with wire bridges, tube?, utensils of various

forms and materials, and also with Chladni plates. The

circulation of the currents in the latter seems to follow a

fixed law. This may be presumed to be generally appli-

cable.
, • ,

The eliininalion of possible errors due to mechanical

or air vibration aftecting the searching coils is dealt with,

and it is sh^wn that these are nearly negligible when the

search-coils are of rigid and suitable mechanical con-

struction.

'•Wave Resistance: Some Cases 0/ Three-dimensional

Fluid Motion." By Prof. T. H. Havelock, F.R.S.

It is shown how to calculate the wave resistance when

the surface pressure is two-dimensional, and the wave

pittern is like that of ship waves. Certain cases are

examined in detail, and the method can be extended to

mere complex systems. Interpreting some of the results

in terms of the related problem of a submerged body,

expressions are obtained tor the wave resistance of a

prolate spheroid and of other bodies.

"Chances of Loss of Merchant Ships." By W. S.

AnELL.
This communication discusses the effect of damage to

vessels in respect of chances of loss of bulkheads and the

consequent chances of loss of vessels. If the ixtenl of

damage be fairly constant, as in torpedo explosions, it

would appear that there is an inferior limit to spacing ol

bulkheads. Further, as carriage of cargo is impeded by

subdivision, there is economic reason for calculating the

number of bulkheads sufficient fcr reasonable safely. Such

calculation involves discussion of chances of loss of one

or more bulkheads, and of relation of size of vessel to

bulkhead spacing.

Assuming that water-tightness is destroyed within

radius R from centre of damage, it Is shown that—

(i) Where bulkhead spacing •= 2R a, the " odds on"
for loss of one bulkhead are 2R a

;

(2) Spacing = jR-a, odds on for loss of tu'o bulk-

heads are ,i/(2R -2a) ; and

(3) Spacing = K-a, odds on (or loss of three are

20 (R-3ti).

These results are applied to the case of ordinary cargo-

cairying vessels of fixed type but of varying lengths,

with K = 2u feet representing longitudinal extent of

torpedo damage.
Diagrams accompanying indicate that

—

(r) For a given standard of subdivision, decrease of

size of large vessels only slightly increases chances

of loss

;

(>) For small vessels, risk of loss is relatively high,

and it is doubtful whether any subdivision whatever

is effective for vessels below 320 feet length ;

(3) Safety increases markedly with length of vessel

;

(4) Intermediate bulkheads are more useful in larger

vessels, bnt may also, in certain cases, Increase risk

of loss.

By suitable assumptions the method may be used to

discuss subdivision of passenger vessels exposed to

ordinary marine risks.

" A Critical Study of Spectral Series. Part V. The

Spectra of the Monatomic Gases." By Prof. W. M.
Hicks, F.R.S.
This Part V. deals with the serious relationships in the

second or blue spectra of the rare gases. Not only are

the S, D, and F series allotted, but the discussion

serves to amplify and sustain the laws developed in pre-

ceding parts, and illustrates their value for the purpose of

the analysis of spectra In general. Amongst new methods

may be'mentioned the use of the links, discovered in

Part IV. of these communications, for the purpose of

dealing with lines expected from formuhe or other con-

siderations which lie outside the observed region. Thus,

in the case of a wave number « of a line in the ultra-

violet n-e, or n-u, or vice versa if the ultra red

II if, 11 fH where c, u are definite and calculable quantities

may be wave numbers in the observed region, and

correspond to lines actually seen. In this way it is

possible to obtain evidence of the existence and wave-

length of lines belonging to the spectrum although not

actually measured.

Of importance, also, in the general theory of spectra, is

the discovery of summation series. Thus in the case of the

ordinary well-known series, the wave numbers are repre-

sented as the difference of two quantities A -
<f.

(m) where

m is th.; order in the series. It is shown that in the case

jf the F series at least there are, in addition to these

difference frequencies, also a corresponding series of

summation frequencies given by « = A !
0(i«). For S, D

series, such series, if existing, would occur far down in

the ultra violet.

The values of the oun are determined with very great

accuracy. In general to within r In 100,000, and thus

serve to dettrmlne atomic weights to t in 7000, or the

ratio of atomic weights to i in 200,000. The values

found are as follows, the values found by chemical

methods being appended for comparison.

Ne. A. Kr.

i' i4'l7o8±-ooo6; 57 9203± "0021 249-540^ -002;

\V. 20'ooo5±-ooo4 ; 40014 i±-ooo6 ; 83-o55o±-ooo3 ;

Chem : W. 20-2 30"S8 S^'92

X. R«. Em.

,) 6li-oioo± -0017; 1787021^ '05.

W. i29-963i-oooi8; 223-259± -003.

Chem. W. 310-2 222 to 222-4.
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CHEMICAL SOCIETY.
Ordinary Meeting, December ig, igi8.

Prof. W. J. Pope, C.B.E., F.R.S., President,

in the Chair.

The PKEsiDt.M referred to the loss sustained by the

Society, through death, of the following Fellows :
—

Charles Stewari Maries (died on Service), Douglas Ray-

ment Keller, John Bishop Tingle.

Certificates were read for the first time in favour of

Solomon Nathan Brown, 30, St. Janjes' Road, Higher

Brodghton, Manchester ; Harold Frank Cabell, B.Sc,
65, Annan Road. Gretna, Carlisle ; Vishvfanath Ganesh
Dani, B.A., 25, Carlingford Road, Hampstead, N.W. 3 ;

Alfred Farmbrough, 259, Lewisham High Road, S.E.4;

James Darnell Granger, Ph.D., c/o The Chiswick Polish

Co^ of Australia, Ltd., Mitchell Road, Alexandra, near

Sydney, N.S.W. ; Walter Arthur Nelson Hardwick, 26,

West Kensington Mansions, W. n ;
Andre Job, iS,

Avenue d'Orleans, Paris, France ; Sydney Walter Morris,

46, Braithwaite Road, Sparkbrook, Birmingham ; Charles

Mouteu, 18, Rue Pierre Curie, Par's, France ; William
Adrian Thomas Nash, i, St. Barnabas Villas, Guildford

Road, S.W. 8 ; Josslyn Vere Ramsden, c,o Cox and Co.,

16, Charing Cross, S.W. i ; Thomas John Samuel,
Travellers' Well, Pwll, Llanelly, Carm. ; Edward Tyghe
Sterne, Trenton, Ontario, Canada.
The following Certificate has been authorised by the

Council under By law L (t3) for presentation to ballot :
—

Parnell Stanley ODowd, 43/2, Canal East Road,
Calcutta. India.

Prof. F. SODDV, M.A., F.R S , then delivered his

lecture, entitled " The Conception of the Chemical Element

as enlarged by the Study of Radio-active Change."

A vote of thanks to Prof. Soddy for his lecture, pro-

posed by the President and supported by Sir William
TiLUEN, was carried with acclamation.

Ordinary Meeting, January 16, 1919.

Prof. W. J. Poi'E, C.B.E., F.R.S., President,

in the Chair.

It was announced that the Society had lost, through

death, the following Fellows ;— Charles William Dick

(died on Service), John Ernest Dunstan, William Lamond
Howie, Hassum Alidina Lakhani, Thomas Stratford

Logan, George Cannon McMurtry, George Frederick

Tyler Phillips, William Ping, Richard Spencer, James
Carter Spensley.

Messrs. D. R. Ridge, B. Jeffs, J. W. R. Voull, W. H.
Tomlinson, and W. D. Haigh were formally admitted as

Fellows of the Chemical Society.

Certificates were read (or the first time in favour of

Walter Richard Berry, B.Sc, 12S, High Street, Chorlton-

on-Medlock, Manchester ; Harry Blackman, 25, Walden
Street, New Road, E. i ; Philip Blackman, 33.\, Pirncess

May Road, Stoke Newington, N. 16 ; Harold Samuel

Bolton, 33, Schubert Road, East Putney, S.W. 15 ; Alan

Charnley Burns, B.Sc. Tech., High Street, Whitehaven
;

John Arthur Clements, The Quintas, Spital, Chester-

field; Thomas Robert Dixon, Innisfayle, Cyprus Avenus,

Bloomfield, Belfast; Percy Edwin Evans, M.A., S6,

Chesterton Road, Cambridge ; Geoffrey Isherwood

Higson, M.Sc, 11, Westbourne Road, Berkdale, South-

port, Lanes.; Edward Likiernik, B Sc, University of

London Club, 19, Gower Street, W.C. i ; Francis Fal-

coner Peel, B.Sc, The Btyn, Monkham's Drive, Wood-
ford Green, Essex; Frank Radcliffe, M.B., B S., 18,

Rawlinson Road, Soulhport ; Frank Comer Savage, 44,

Elfindale Road, Heme Hill, S.E.24; Ernest Shepherd,

B.Sc, ToUington School, Muswell Hill, N.io; Arthur

John Griffiths Smout, 41, Hazelhurst Road, King's Heath,

Birmingham ; Rupert Harry Truelove, B.Sc, 63, Hamp-

ton Road, Forest Gate, E. 7 ; Frederick Wilson Walker,
Sg, High Street, Welling, Kent ; Walter Henry
Watson, B.Sc, ig, Lightcliffe Road, Palmers Green,
N.13.

It was announced that on and after January i, igig,
the hours of opining the Library will be as follows:
Mondays. Wednesdays, and Thursdays, from 10 a.m. to
G p.m ; Tuesdays and Fridays, from 10 a.m. to g p.m.

;

Saturdays, from 10 a.m. to 5 p.m. ; and in the evenings
of those days on which the Chemical Society meet. These
extended hours of opening have been arranged in con-
nection with the scheme in which a number of kindred
societies have joined for the enlargement and increased
utility of the Library.

NOTICES OF BOOKS.

The Chemistry of Synthetic Drugs, By Percv May,
D.Sc (Lond.), F.l.C. Second Edition. London,
New York, Bombay, Calcutta, and Madras: Long-
mans, Green, and Co. igi8. Pp. ^;ti-^ 250. Price
los. 6d. net.

Many English firms are now engaged 'n the manufacture
of drugs which before igi4 were outained exclusively
from Germany, and investigations dealing with the nature
and preparation of drugs are proceeding with considerable
vigour in many laboratories, so that a second and enlarged
edition of this work will receive a cordial welcome on all

sides. The author does not attempt to give detailed
accounts of processes of manufacture, but rather discusses
the theoretical aspects of the subject, and the book will be
specially interesting as suggesting fresh lines of research
and extended investigations of new classes of compounds,
such as the arsenic and antimony organic derivatives to
which a whole chapter is devoted. In the first three
chapters the theory of the a.;tion of synthetic drugs, the
effects of various elements and radicles, and the chemical
changes which drugs undergo in the animal body are dis-
cussed, an attempt being made to draw some definite con-
clusions as to the relation between physiological action
and chemical constitution. Although some generalisa-
tions can be made there are many exceptions and dis-
crepancies which call for further research, and to these the
author calls the attention of his readers. The the dif-

ferent groups of drugs classified according to their
physiological action are considered in turn, and here many
additions have been made to the second edition to bring
the text up to date. F'or example, the antiseptics derived
from actidine are described and the chloramines also.
The author has succeeded in making a highly technical
subject very interesting, and the book will be found very
stimulating by organic chemists as well as by those i.i-

terested in the manufacture of synthetic drugs.

Reports of the Progress 0/ Applied Chemistry issued by the
Society of Chemical Industry. Volume II., igiy.
London

: Harrison and Sons, for the Society of
Chemical Industry. Pp. 536. Price 6s. 6d.

These reports, which are issued at a very moderate price,
provide a comprehensive view of the progress which was
made during igr; in all the most important branches of
chemical industry, and many classes 01 workers will find
them exceedingly useful. The teacher will welcome them,
as enabling him at the minimum expenditure of energy to
keep up to date his knowledge of branches other than
those in which he has specialised, and the practical man
will find that they give him valuable information as to
progress in all directions. Finally, the research worker
can learn from them exactly what has been achieved and
what still remains to be done. The reports deal with all

the important branches of chemical industry, and have
been written by experts who have special opportunities of
acquiring knowledge and estimating the importance of
recent developments, and references to current literature
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ate very complete. In many depattmenta much progress

ii teporled, such as for evimple in chemical engineering,

to which the war gave a consijerable impetus, and in the

manufacture of fine chemicals, in which branch Germany's
pre-eminence has been lost, it is to be hoped (or ever. In

fact it may be said that in spite of war conditions, on the

whole, chemical industry in this country i.s in a more
floutisbing condition than five years ago, and its future is

more promising, while the output ef research, though
necessarily restricted to a certain extent, gives no cause

for alarm.

MISCELLANEOUS.

Institution of Electrical Engineers.—We have been

asked to announce that Prof. Carey Foster is very ill and

may pass away at any moment.

Institution of Civil Engineers.

—

\i the meeting held

January 2g, this Institution elected upon its Roll ot Dis-

tinguished Honorary Members— .Marshal Foch, O.M.,
Field Marshal .Sit Douglas Haig, K.T., Admiral Viscount

Jcllicoe ot Scapa, G.C.B., O.M.

MEETINGS FOR THE WEEK.

Monday, inth— Rnyal Society of Arts, 4.30. " Scientific Problems of

Electric Wave Telegraphy," by Dr. J. A. Flemint;.

Tl-ESDAV, nth.— Royal Institution, 3. " Study of Electric Arcs and
their .Applications," by Prof. J. T. RlacGregor
Morris.

Wednesday, I2lh.— Rnyal Society of Aits, 4.30. " The Government
and the Organisation of Sctentitic Research,"
bv Sir Frank Heath.

Thursday, 13th.—R val Institution, 3. "The Movements ot the Earth,

Sun, and Moon," by Dr. W. Wilson.
Ceramic Society, 3. (In cooperation with the

Entilish China Manufacturers Association in the

Central Schools of Science and Technology,
Stoke-on Trent). "Recent Work on the Bone
China Body," by Dr. J. W. Mellor,

Friday, uih.—Royal Institution, 5.30 " Earthquake Waves and ihe

Interior o' the Earth," by Prof. C, G, Knott.

Saturday, 15th.— Royal Institution, 3 " Bach's Use of the Orchestra

in his Works," by Prof. H. P. Allen.

LECTURE ASSISTANT & LABORATORY STEWARD.

Well qualified LECTURE ASSISTANT
AND L.-VBOKATORY STEWARD required for the

CHEMISTRY DEPART.ME.NT of the Sir John Cass Tcch:iical

Institute. Jewry Street, AlJgale, London, EC. 3. Salary flio to

/150 per annum, according to qualifications.—Applications, stating

q'ualifications, to be sent to the Principai.. by March ist.

CITY OF CARDIFF EDUCATION COMMITTEE.

THE TECHNICAL COLLEGE.
Principal — CHARLES COLES, B.Sc. ILond.l.

n'^he services of the following Full-time
-I- LECTURER arc required :—

HEAD OF CHEMISTRY AND APPLIED CHEVIISTRV
DEP.\RTMENT (a Specialist in Applied Chemistry). Com-
mencing salary £500 per annum.

Applications on foolscap paper, stating age, full qualifications,

teaching and other experience, and giving copies of not more than

three testimonials, should reach th: Priscipai, (from whom further

particulars may be obtained) by March 17, ig 9-
j ,. .

Relatives of eligible men on War Ser\'ice are requested to bring this

advertisement to theirnotice.j^^^,
J. J..VCKSON, B.A.,

City Hall, Cardiff. Director of Education.

If in good condition, Sixpence per copy will be

paid for any of the undermentioned numbers of the CHEMICAL
NEWS which may be forwarded to this office :—

3053, Au^'ust 2nd, T918.

3054, August i6ih, lijiS.

3059, October 35th, 1918.

306.1, December 20th, 1918.

ifi Newcastle Strkft, Farringpon Street, London, E.C.4-

A -Discharged Soldier sejeks situation as Works
^ * Chemist, or Laboratory Work, practical and theoretical experi-
ence. Good testimonials.—Address, D. S ,

Chemital News Office,
16. Newcasile Str eet. Farringdon Slreet, London, E.C 4

A iialytical and Consulting Chemist, M.Sc,
^ * .\ I.e. (Food and Drugs), will buy existing Practice or purchase
Partnership wiih view to extension—Address, Box 135, W. H. Smith
and Son Kingsway, London, W.C. 2.

C^hemist (25), ex-Army N.C.O. (1915-16),
^ desires Appointment at home or abroad in Works or Labora-

tory. Can control labour
;
good Analyst. Two and a-half years in

large Government Factory.—Address, B., Chfmical Nkws OtBce, 16,

Newcastle Street, Farringdon Street, London. E.C. 4.

("^hemist, with several years' experience,
^*^ desires post in Works with a view of obtaining experience in
Technical Processes; Oil Fuel or Food preparation preferred. At
present on active ser\ice in France —Address, R. E .Chemicai. News
Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4.

C"^hemist in charge seeks change. Metals,
^ M;norals, Analyses; Plant control and organisation. Research

(Inorganic) and new plant inception specially preferred. Good refer-

ences and varied experience. — Address, " Organiser," Cmkmical
NEWsOtlice, 16, Newcastle Street, Farringdon Street, London, L.C 4

Ex-Officer, disabled, four years experience of
Analysis, including Foods and Drugs,' requires responsible

Position.—Address, X. C, Chfmical News Office, 16, Newcastle
Street, Farringdon Street, London, E.C. 4.

Glass-blowers (Scientific) wanted. — Apply,
Baird and Tatlock, Ltd., 45, Renfrew Street, Glasgow, or 38,

Portland Street, Manchester.

T titer. B.Sc. requires post in Chemical Works
^ or Laboi^atory, in or near London. Lately demobilised as student
— Address, W. G. B., 7, Livingstone Roid, Clapham Junction,
S.W. u.

T ondon Honours Graduate, A.I.C., twenty
*—' years' experience Foodstuffs, General .\nalysis, and Bacteri-

ology, now supervising Works Laboratory, desires responsible pro-
gressive Post where energy and initiative will meet with recognition.
—.-Mdrsss, L. H., Chemical News Office, 16, Newcastle Street, Far-
ringdon Stieet, London, E.C. 4.

Works Analytical Chemist required. One
conversant with Soap Manufacture, Nicotine Extractions, and

Agricultural and Horticultural Preparations. State full particulars

and salary required.— .Address, W. A , Chemic.vl News Office, 16,

Newcastle Street, Farringdon Street, London, E.C. 4.

Wanted by large Belgian Vmegar Works,
manufac'uring Date Wine and .Mcohol Vinegar, a reliable

General A^ent for England. First-class references indispensable.—
Write, J4, Chaussee d'Htterbeek, Brussels, Belgium.

VVranted, Copper - lined Steam jacketted
* * VACUUM P.VN ;

capacity about 200—300 gallons.— .Ad-

dress, V. P., Chemical NEWsOffice, 16, Newcastle Street, Farringdon
Street, London, E.C. 4-

PKANCE (Bordeaux and Sid-Ouest).—
-^ Representations wanted by French Eng neer Chemist of good
firms (for Chemical Products, Chemical Machineries, Chemical
Apparatus, New Processes).—Address TEY^sitR, 301, Cours Balguerie,
Bordeaux.

STAFFORDSHIRE EDUCATION COMMITTEE

T
ASSISTANT Li:CTUR£R IN METALLURGY,

he StaiTordshire Education Committee re-
quire an ASSISTANT LECTURF.R IN MKT.VLLURGY

for the County Metallurgical and ICngineering Institute, Wednesbury.
Applicants should possess a University dcpree or an equivalent

qtialitication, and be fully cotipetent tti take classes in Chemistry,
Metallurgy, and Metallography; and -t is desirable that they should
have had both Teaching and Works experience.

Salary offered £250 to £300 per annum, according lo qual-fications.

Further particulars at d form of appHcaiion may be obtained from
the undersigned, by whom applications must be received on or before

March jth, igig.

C. F. MOTT,
County ICducation Offices, Actioe Director of Higher Education.
Stafford, January, T919.
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PHOSPHORITES AND SUPERPHOSPHATES
FROM THE POINT OF VIEW OF

THE SULPHUR INDUSTRY.

By riR. I.OUIS TIRRLLI,

The great progress of new industrial applications, modern
conceptions which tend to group around a main industry,

subsidiary manufactures which increase its output, the

excellent results obtained elsewhere, thanks to the utilisa-

tion of the by-products of the principal manufactures,
have all brought to light in the sulphur industry the need
of utilising in one way or another the enormous quantities

of sulphurous acid which are at present lost in the extrac-

tion of sulphur from ores by partial combustion.
Given the situation of the mines, the possible variations

in the output of sulphur in a given locality and the many
variations in the cost of production and sale price of the

raw material, the method of utilisation to be sought
should fulfil the following conditions :

—
1. It should not require costly and unwieldy plant and

apparatus.
2. It should be easy and safe to apply, and should be

capable of adaptation to simple manufacture which
only calls for a plant with few complications.

3. It should furnish a product which can find an imme-
diate, easy, and extensive use.

Without stopping now to examine the different processes

proposed, tried, or applied in analogous industries for the

utilisation of the sulphurous anhydride contained in the

furnace gases of various ores, it is worth while to study a

method which has raised great hopes, and which is directed

towards utilising the gases from sulphur extraction furnaces

by combining the sulphurous anhydride which they contain

with insoluble mineral phosphates with a view to trans-

forming them into soluble products (superphosphates).

This product would thus be obtained in a direct and

economical way by the immediate combination of the

sulphurous anhydride and the phosphorite without the use

of lead chambers, ike, necessary for the manufacture of

these substances in fertiliser factories.

It is unnecessary to emphasise the importance of such a

practical application by which would be obtained a most
useful product, for which the already great demand is con-

tinually increasing, while utilising directly the sulphurous

gasea in a simple and rational manner.
Since this idea presents such an attractive aspect, since

it has even formed the subject of recent patents, and as,

moreover, from the theoretical point of view there is no
II priori difficulty of a chemical nature, I venture to think

it would be interesting to deal with it britflly, to deter-

mine whether it would be capable of application and
whether tests with a view to its realisation would justify

themselves in the future.

Phosphoric Acid and Pure Phosphates.

Phosphoric acid is a tri-basic acid formed thus :
—

/OH
= PeOH,
\0H

in which, as in all oxyacids, the electro-negative hydrogen

atoms of the hydroxyl group may be rq);aced by metals to

form salts. We have thus ;
—

/OH
D = P^0H (mono-sodium phosphate),

\ONa

Di-nietallic phosphates, e.g

/OH
= P^ONa

\ONa
(di-sodium phosphate),

Tri-melallic phosphates, e.g.—
/ONa

= P—ONa (tri-sodium phosphate).
NONa

Physico chemical determinations have shown that the
three acid functions of phosphoric acid present, in pro-
gressive saturation by bases, different degrees of affinity,

that it to say the first behaves like that of a strong acid,
the second like that of a weak acid, and the thir 1 merely
like that of a phenol. This is clearly shown, for example,
in tue determination of the heats of combination with the
bases.

H;PCi| in solution -|- NaOH in solution = NaHjPO^ in

solution ; l.-i.SSo cal.

H-,PO,| in solution
j
aNaOH in solution = NajHPO^

in solution
i 26,330 cal.

H PO, in solution + 3NaOH in solution - Na^P04 in

solution + 33 590 cal. (Berthelol and I^on-

guinine).

It is also shown by the action of the sa<ts on indicators.

Thus, while a solution of mono sodium phosphate is dis-

tinctly acid towards litmus and to phenol-phthalein, a

solution of di-sodium phosphate is alkaline to litmus and
neutral to pbenol-phalein, and a solution of the tri sodium
salt is alkaline to both these indicators.

Given this slight acidity of the second Rnd third acid

groups of phosphoric acid, it is evident that even a weak
acid can displace it from its di- and tri-basic salts by re-

moving a portion of the base with which it is combined,
thus causing a state of equilibrium depending on diflerent

coeflicients (relative allinity of the two acids for the base,

concentration, &c.) with which we need not concern our-

selves here.

The above mentioned fact is apparent not only in the

presence of soluble alkaline salts, but also, for example,
in the presence of precipitated tri-calcium phosphate,
which is insoluble, or nearly so. If the latter is placed in

suspension in water and rhe water is saturated with car-

bonic acid, it dissolves fairly well, giving rise to a certain

extent to the following reaction, determined quantitatively

by the laws of chemical equilibrium, and according to the

state of molecular aggregation of the phosphate :' —
Ca3(P04)3 + 4C02 + kH20 =

= Ca(HjP04)H 2Ca(HC03)2 + ('i-4)H30.

Mono-calcium phosphate. Calcium bi-barbonate.

If the tri-calcium phosphate is treated with a dilute

mineral acid in excess, even if the latter is weak, the salt

dissolves completely, forming soluble mono-calcium phos-

phate. In the same way, if a solution saturated with

sulphurous acid acts on it in excess, mono-calcium phos-

phate and calcium bi-sulphite are formed and remain in

solution (Filter, Chem. Iiid., 1S78, p. 393; '^fahr. Ber.,

tSyS, p. 1124) ;

Ca3(P04). + 4H,SO-. = Ca(H2P04)2-l-2Ca(HS03l3.

If the solution obtained is boiled the excess of sulpha-

rous acid is set free, the bi-aulphate is decomposed, and
bi-calcium phosphate and netural sulphite of lime, almost

insoluble in water, separate out (Rotondi, Ann. di Chim.,

Ixxiv. p. 129; yahr. Ber., 1S82, p. 272):—
Ca(H2P04), + 2Ca(HS03)2 =

= 2CaHP04-)-CaS03 + 2HaO + 3S03,

and also hexagonal crystals of the composition (Qerland,

yahr. Ber., 1870. p. 312; 1871, p. 280)—

CajOejPOizSOa.aHzO.
« There is an appreciable difference bet*eea newly precipiuled

tri-calcium phoaphate and the dry salt, which depends on the more or

less pronounced state of molecular aggregation. The former is

gelatinous and dissolves in water in the pr. 'portion of 8 : 100,000 ;
'he

latter, on the other hand, is a »hite powder soluble only in the pro-

portion of 2 : 100,000.
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It would appear then that the reaction which is pro-

duced when the ptec.ntatcd phosphate is employed should

take 1 Uce in an mduslrial process in which miiitral phos-

phates are used, under certain conditions, and that it would

be possible to transfo.m them into soluble salts by the aid

01 pure sulphurous acid in place of the solution of

sulphuiic acid which is employed at present, the nianu

laciure of which nccessilaits special and cor.ily pUnt.

However, in spue of the fact that theory and scientific

experiments made with tne pure product in a state ol

feeble aggregation olTer prospects of a possible realisation

of the process, it must be admitted that htile hope remains

when natural products and questions of a practical nature

are considered.

Tri-calcium Phosphates and Phosphorites.

The difterence which exists between precipitated tri-

calcium phosphate and the pbosphoiites is due essentially

to the other products which the latter contain, and to the

mineralisation which the tri calcium phosphate, thcit

principal constituent, has undergone.

Although it is generally stated that the phosphmites

consist ol amorphous phosphate ol lime, it should be

pointed out (and this fact is proved by microscopic examin-

ation) that a prrtion has been changed to a complex stite

of aggregation, even to the e>tent of producing a ctjsial-

line foim in variable quantity, actual specific minerals

mingled with the mass being thus produced (ornithiie,

xyplile. dabliie, apatite, cacoxene, &c.). This state ot

aggregation is mote or less pronounced accoiding to the

nature, quantity, and duration of the action of the agents

which have modified the original product {fossil. sed remains

of animals) during different periods and in special condi-

tions ol formation. The result is that there is a notable

difference between the original substance and the phos-

phoiite, not only as regards form, molecular aggregation,

hardness, composition, &c., but also as regards the manner

in which they behave in the presence of chemical reagents ;

this difference resembles from this point of view that which

distinguishes precipitated silica from mineralised silica.

Iiuiustriii! Treatment 0; Phosphoiitei.

The transformation of the mineral phosphates into soluble

phosphates is carried out ordinarily by means of sulphuiic

acid, acting upon the finely ciushed substance. It is

necessary

—

(o) That the ore should be mechanically crushed as

finely as p ssible, so as to allow access for the acid, for

disaggregation and reaction, to each paiticle, and to

facilitate thus molecular contact ol phosphates and acid ;

(4) That the acid used should be in sufficient quantity,

and of a given concentration (48° 54' Be.) to suit the

greater or less amount of calcium carbonate, earthy and

metallic phosphates, fluorides, phosphcsilicates, (."(.c, con-

tained in the phosphorites, so that disintegration and

reaction with the phosphate occur at a temperature which

is such that these actions may be complete, and so that

the water present, whilst sufficient for the reaction and for

the bTlies which are formed, may not form too moist a

prodact

;

(cj Inat the duration of the reaction should be long

enough and the mixture homogeneous ;

(J) That the superphosphate should not under any
circumstances be exposed to a high temperature (90 - 100).

If any one of these conditions be not carried out, ihj

process will not be satisfactory, and the manulactuter will

suffer looses which may be considerable, for the profits are

wiped out if all the phosphoric acid is net transformed.

In industrial practice dlsintegtaiijn and transformation

of the phosphoiiles into soluble salts is carried out in two

stages :
—

{a) Mechanical pulverisation, as complete as possible.

(i) Action of the quantity of sulphuric Ecid necessary

under the above-mentioned conditions.

Passing over the mechanical process, we may note that

the action of the sulphuric acid also takes place in two
stages :

—
(ii) Kcaction on and disintegration of the mass.
(b) Kcaction and molecular disintegration of the phos-

phate.

The action of the sulphuric acid on the particles of the

phosphorite, which forms a more or less ccirpact agglome-
late of phosphates, carbonate of lime, ilucrides, silicates,

&c., causes first the immediate conversion of the carbonate
of lime into hydrated sulphate ;

—
CaC03+HiS04+HiO = CaSO.,.2lIaO + COi.

This rapid reaction, which gives rise to considerable
heat and sets free an appreciable quantity of gas (CO2),
assists not only the disintegration of the particles of

phosphorite, but also the subsequent reactions, which
require a certain temperature, and by which the sulphuric

acid replaces and sets free hydroflLioric and hydrosilicic

acids, &c., which thus assist to a considerable extent in

the disintegration of the most refractory compounds. The
importance of this reaction between calcium carbonate and
sulphurt'c acid ior the success of the operation is c early

shown by practical fxpctience, which proves that

phosphorites which contain an insufiieient quantity of

calcium caib nate dlsintcgiate slov/lv and with diffiruhy
;

they remain "cold," in technical language, and jield a

wet product of poo.' quality. These phosphates require

treatment with a warmer and more concentrated sulphuric
acid, or (a less satisfactory method) to be mixed as inti-

mately and homogeneously as possible with phosphates
rich in lime, such as phosphatic chalks.

The action of sulphuric acid on these secondary com-
pounds assists contact witti the phosphate, whilst the
carbon dioxide which is set free renders the mass porous,
and the heat whii.h is generated increases the power of

substitution of the sulphuric acid and assists its action on
the compounds of iron and aluniiiiiuin, phosphnsilicates,

i.S:c., which are present.

The reaction between the tii-calcium phosphate and the

sulph'jric acid, which produces soluble phosphate, does
not take place as is generally shown

—

Ca3(P04)2+ 2HaS04 -f SH2O =
= Ca(HiP04)2H20-r2CaS04 2HaO,

but also takes place in two distinct stages— in the first,

which is instantaneous, free phosphoric acid is formed,
and a part of the tri calcium phosphate remains un-
attacked,

3Ca,(P04)i-r6H2S04-i-i2H20 =
= 4H3P04Ca3(P04)j-^-6CaS04.2H20.

In the second, the rea-tion is slowly completed, in the
presence of excess of water, prjducing mono calcium
phosphate,

4H3P044 C?3(P04)i H^O-3CaH4(P04)j.H^O.

The reaction lakss place in two stages not only because
sulphuric acid has an affinity lot the bases which is double
that cf phospboiic acid, but above all because phosphate
of lime, whilst mechanically broken up, is not in a mole-
cular state, as is for instance a salt in solution ; it is com-
posed, on the contrary, of more or less complex mole-
cular aggregates, so that the interior molecules ate
protected from contact with the acid, whilst the exterior
molecules are exposed to the action of an excess ot acid
which would suffice practically for the conversion of the
whole mass. It is to the presence of these aggregate- and
groups, and to the fact that the penetration 01 the acid is

to some extent hindered, that we must attribute the fact
that, even when in practice m.-:re ac d is used than is

Etticily necessary for the trc.anient of the mass, a portion
of the phosphoric acid exists in the form of a bibasic s.ilt,

soluble only in citrate. In lact, the molecu'es which do
not come into direct contact with the free acid (sulphuric
Of phosphoric) can only react with the molecules in which
coiiveision into a mono calcium salt has takti; place, and
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bi-calcium phospbatt! is formed according to the cqaaiion,

Ca(HjP04)2 + Ca3(P04)j = 4C.^HP04.2HiO.

The phosphates o( iron and aluminium, which occur in

variable quantity in phosphorites, behave in an analogous
fashion, yielding variable quantities of free phosphoric

acid, according to the degree of concentration of the

sulphuric acid, the temperature, duration of the reaction,

&c. As these phosphates are more refractory, the reaction

must be as complete as possible, so that no insoluble

phosphoric anhydride remaiiis to cause a decrease in per-

centage solubility.

The phosphosilicates and silicates are attacked partly

by the hot sulphuric acid, partly by the hydrofluoric acid,

which carries down silica in the fcrm of silicon fluoride,

which is subsequently found again in the gas washing
chambers.

Phosphorites and Siiljihuroin Anhydride.

Having studied, in their successive developments, the

principal phenomena which occur between sulphuric acid

and phosphorites, and the conditions indispensable to the

smooth operation of the process, we can easily under-

stand that it is very difficult in practice advantageously to

replace the sulphuric acid by sulphurous anhydride. Were
it not so, it would be strange that in so prosperous an
industry as that of the superphosphates, such a substitu

tion should never have been contemplated and tried.

It is evident, <( priori, that the use of liquefied and dry

sulphurous anhydride cannot be considered, if only by
reason of the fact that in these conditions it has no acid

action ; we are therefore limited to the use of an aqueous
solution of sulphurous anhydride, eiiher ready prepared or

produced by the contact of the sulphurous gases with the

phosphorites in the presence of water or moisture. It is

known that sulphurous acid in solution behaves towards
bases like a weak acid and that its salts may be decim
posed by weak and dilute acids. The action of soluble

salts on indicators shows the weak acid qualities of sul

phurous acid. The acid salts (lot example, bisulphite of

soda, NaHSO^) ate neutral to methyl-orange, while neutral

salts (for example, sul hite of soda, Na^SOj) are alkaline.

If v/e admit lor a moment that the power of combina-
tion of sulphurous acid is equal to that of phosphoric
acid (that is to s^y half as great as that of sul

"huric acid) these two acids, when in the presenr- -' -

ase in insufficient quantities for saturation, v/ill d

mongst them in direct proportion to their respect!

^,j — ^ — ^. —
pburic acid) these two acids, when in the presence of a

base in insufficient quantities for saturation, v/ill divide it

amongst them in direct proportion to their respective con-
centraii m, or rather to their m.iss.

Now whilst phosphoric acid may be mixtd with wster in

any proportion, sulphurous acid forms, above 40°, solu-

tions of viriable concentration according to the tempera-
ture and pressure, while below 40^ the concentration of

the solution is below that determined by the pressure

according to the law of Henry and Dalton. With pure
sulphurous anhydride at 15' and 760 mm., we obtain an
aqueous solution containing 43-56 volumes of sulphurous

anhydride per volume of solvent, that is t.isay about 12-4

per cent by weight of sulphurous anhydride. It corres

ponds from the acidimeiric point of view to a soluiion

contaming about ig per cent of sulphurous acid ; from the

point of view of its avidity of combination with the bases,

it is much less active than an equivalent solution of sul-

phuric acid.

Up to the present we have dealt with sulphurous
anhydride of 100 per cent purity. In practice we have to

deal with sulpbtirnus gases produced by the combustion
of an ore containing sulphur, such as are given off in

smelting furnaces ; the average richness of this gas in

sulphurous anhydride does not exceed 5 to 6 per cent by
volume. The solution obtained by the contact of these

gases with water, if the sulphurous anhydride obeyed the

law of Henry and Dalton at temperatures below 40°,

would be of a concentration at 15° and 76a mm. of

43-56 x5 or 6

100
2'i73 to 2'6i3

litres per litre of water used, that is to say o'6j to 0-74
per cent of sulphurous anhydride by weight. Therefore
in order to obtain a solution of the same concentration as

we obtain with too per cent sulphurous anhydride, we
should have to exert upon the gases which contain 5 per

cent of sulpht'rous anhydride a pressure greater than 20
atmospheres.

As, on the other hand, the sulphuric acid which the

treatment of ordinary phosphorites demands in practice

should be of a concentration of 52 to 53° Be., it is obvious
that we are far from the conditions mdispensable to the

industrial process, even if we assume that there is no spe-

cific difiference of combination and substitution between the

two acids. It is known that in practice the dilution of

sulphuric scid to the extent of only one degree Beaume
yields an inferior product, and that the strength of sul-

phuric acid increases within certain limits with the

temperature, even with relation to stronger acids

(HCI, HNO3), whilst the strength of sulphurous acid

varies inversely with the temperature of the solution.

Let us admit even that when working with high pres-

sures one can obtain a solution of sulphurous anhydride
sufficiently concentrated and active to be able to produce
the desired effects of disaggregation at \ molecular dis-

integration upon the particles of phosphorite ; but when
the pressure employed is relieved and the excess of water
necessary to bring about contact between the sulphurous

anhydride and the phosphorite is removed, the removal of

the excess sulphurous anhydride and the decomposition

of the bisulphite formed will immediately cause the re-

conversion of the acid phosphate of lime to bi-calcium

phosphate.

Experiments and Experimental Tests.

The industrial conversion of mineral phosphates into

soluble phosphates by means of sulphurous anhydride has
been attempted repeatedly, and has continually given rise

to various patents, of an essentially theoretical nature,

taken out by people who are obviously not familiar with

tne above-mentioned facts.

One of the first patents of this sort was that of the

"Filter" Company (D R.P. 2661) which did not lead to

any practical result. Nor did those which followed it.

We remain therefore limited to the use of sulphurous

anhydride eiiher simply to enrich in tri-calcium phosphate

the phnsphatic chalk (Ramsay and Gouthier, D R.P.

105. 3S7) by eliminating the excess of carbonate" of lime

in the form of soluble bisulphite, &c., or to attempt to

convert the bone phosphate into soluble products.

If we consider that cones contain phosphate of lime in

a non mineralised form, it is natural that after the failure

of all attempts to transform the phosphorites the hopes of

exp.;rimenters should have been directed towards bone
phosphates, all the more because the use of liquid sul-

phurous anhydride as a solvent for fats and oils gave

promise of the possibility of using sulphurous anhydride

first for the extraction of fats, and afterwards foi the

extraction of phosphate of lime by means of water or

steam ; the residue would then only consist of cartilage,

ossein, i&c.

Dr. Mox Schroeder has particularly gone into this

interesting question, but his tests have not led to any

result, as is shown clearly by the conclusions of a work

published at the time of the Chicago Exhibition. (Dt.

Max Schrceder, "Die wasserfreie fliissige schwtfl ge

Saure und ihre Verwendung in dcr Industrie,"

Buchdruckerei Kiihne, 1894).
" The extraction of mono-calcium phosphate by means

of an aqueous solution of sulphurous acid has frequently

been proposed and attempted, without the discovery up to

the present of a profitable use. . . ."

" There is no doubt that neither of the two processes

mentioned, the extraction of fats from bones by means of

liquid sulphurous anhydride under pressure, and the

extraction of acid phosphate of lim« from bones by
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aqueous su )>liuroub acid, has jet acijuired the least

(uaclical value. . . ."

In conclusion, I give the results obtained fconi bome
i°xpcriinents in treating |ibobpboiite8 in a divided state

with sulphurous ac d

—

1. (o). Toiiume PhoipliorUe, containing i5'7 per cent

ol phosphoric anhydride. Simples finely crushed and
prssed through gau/.e. five grins, were taken and left to

digest for twelve hours in lu cc. ct a saturated solution

of sulphurous anhydride containing juo cc. of SO; at jo .

The whole was placed in a dosed ve:<^el and the water
evaporated at Oo— 70", mixed again with lu cc. of sul-

phurous solution and left to digest again for twelve hours.

I'hospboric anhydride soluble in water .. Tiace
Phosphoric anhydride soluble in citrate

(grnis.) Olio
Total phosphoric^anhydiide soluble (gtms.) i7i>3

Appearance of powder little changed, coloration red-

dish as before (sulphuric acid turns it grey).

[It) Oa/sa Phosphorite, containing ahout 27—271 per

cent of l';(',. Treatment as before.

Phosphoric anhydride soluble in water .

.

Trace
I'cosphoric anhydride soluble in citrate

(guns.) "•'!

i'otal phosphoiic anhydride soluble (grms.) 1 i..,

.\ppearance of powder little changed ; only ihai one

can determine, by means of the microscope, the presence

of sulphite and sulphate of lime which cover Ibe particles

hare and there.

2. Tennessee PhospUorite, pulverised, &c.. as before,

fifty grms. of powder were taken, mi .ed with 50 cc. of

water, and a cold and moist current of luo per cent

sulphurous anhydri,-?e was passed through for five hours

at a pressure of about 1-5 atmospheres.

Phosphoric anhydride soluble in water

(percent) 032
Phosphoric anhydride soluble in citrate

(per cent) 241
Total phosphoric anhydride soluble (per

cent) .i5 "J

.\ppearance 01 powder little changed.

). Porous Tennessee Phosphorite, broken to si/e of

1 to i cc, divided into two pans, which were submitted to

the following treatments :
—

(a) The first was treated with distilled water for two

hours.
(h) Ths second was treated with a saturated solution ol

nitrate of soda for two hours.

.Afterwards it was p'aced in a tube and exposed for

eight hours to a cold moist current ol lou per cent sul

phurous anhydride.

.Vnalysis showed ;

-

(.() Phosphoric anhydride soluble in water

and citrate (per cent i 1 -'3

(/) Phosphoric anhydride soluble in water

and citrate (per cent) 1 ii-

The treatment with a solution ol NaNU, was
intended to increase the action of the sulphurous anhy-

dride on the phosphate by an csidising action ; the

increase of solubility observed in the second case is due
in all probability to the formation ol a sodium phosphate

by double decomposition between the calcium salt and

the nitrate.

In other experiments, the powdtr has been txposed in

thin layers to the long-continued action ol a current ol

moist sulphurous anhydiide, cold at 60 — 71-', of luo per

cent purity, and diluted to 50 percent, but with no belter

results.

In a general way it may be said, from the results of

chemical determinations and microscopic observations,

that sulphurous auhydnde only icacts at Ibe surface of

the particles of photphorite, producing etpecially the

bibasic salt, and that this is the limit of the action.

It is known that porous substances assist Ibe combina-
tion of sulphurous anhydride with oxygen, and it might be
thought that by choosing certain very porous pboepQorites
and submitting them at a suitable temperature to tbe

action of a strong current of oxygenated sulphurous gas,

one would encourage thus the formation of sulphurous
anhydride in the mass, so as to biing about the desired

reaction and disaggregation, either directly owing to the

humidity of tbe gases or by a subsequent addition of water.

Without stopping to consider tbe reactions which would
take place place at high temperatures, if the phosphate
could react under these conditions, let us note the results

of the following e>.periment :
—

Same very porous fragments of phosphorite were sub-

mitted lor about ten days at 4U0 - 15U to a current ot gas
containing about 2u per cent of ^O^ and 9 per cent of

oxygen by volume and traces of moisture.

The fragments of cbospborite from i—5 cm. thick

which were submitted to this treatment and left for some
days ill a damp atmosphere became covered on the surface

with a light grey powder, damp and uniform, while the

lower and internal iayers hardly appeared to be changed ;

nothing more than a light white eiilorescence of hydrated
sulphate of lime could be observed- Analysis showed

—

(1) ^superficial powder with acid reaction, damp appear-
ance, and grey coloration

—

Humidity at 60- 70' (per cent) 6'2

Phosphoric anhydride soluble in water
(per cent) S g

Phosphoric anhydride soluble in citrate

(per cent) 17
Insoluble phosphoric anhydiide (per cent) 75

(/i) Tbe internal portion of the fragments of a brownish-

red colour, when reduced to an impalpable powder,
contained

—

Pbospbcric anhydride soluble in water
(per cent) u i

Phosphoric anhydiide soluble in citrate

(per cent) I'S

Insoluble phosphoric anhydride (per cent) 32

Other samples submitied to analogous treatment jave
similar results. Hence it is clearly evident that one can-

not reckon on an e^ entual con\ ersion of sulphurous anhy-
dride into sulphuiic anhydride by the action of porous
phosphorites in the presence of oxygen. If such an action

is produced it is limited to the surface, as occurs when
oxide of calcium is used. It is therefore useless to

examine the considerable and numerous dilliculties which
would oiler themselves to the practical realisation of this

process, which has no chance of success.

Huinnuiry.— To summarise the considerations and facl;>

brought forward, wc are obliged to rtiect any possibility

of the practical utility of proposals, patents, Ac,
directed towards ibis end, which clier .i priori some
prospects of success. The i|uestioii v;hich is of most
interest, that is the utilisation of tbe sulphurous anhydride

which escape.^ from sulphur snicltiiig furnaces (ccric-

sponding to a <juarter or mure of tbe sulphur obtained)

still remains, and can only be soKed when it is decided

to proceed, with more enterprise and initiative, with the

necessary cxpsriments, with a \ iew to setting on foot the

progress and developments by which this industry is cer

tainly capable of benefiting.— L.t Revue des Protluils

Chimiiiuis, xxii.. No. 1.

The Sir John Cass Technical Institute- A distri-

bution of prizes and certificates by Charles C. Carpenter,

Esq., D.Sc. Chairman of the South Metropolitan Gas
Company, will lake place on Tuesday, February iS, lyiy-

The chair will be taken at ^ p.m. by Sir Thomas H.
Elliott, Liatt., K.C-U., Chairman of the Governing
Cody.
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THE MANUFACTURE OF CHLORAMINE T.'

By J. K. H. INGLIS.

(Contluded from p. 5S).

Preparation of Siill>hoiiamicle. —Th\s operation, though

quite simple in theory, causer a cettain amount of

trouble without bpecial apparatns. The alternative

methods are treatment with ammonium carbonate on the

water-bath and treatment with strong ammonia solution.

The latter method, if properly controlled, is decidedly the

more satisfactory. If the sulphonic chloride is ground to

a fine powder and concentrf ted ammonia is poured upon

it, a violent reaction begins almost at once and the liquid

boils. In this way considerable amounts of ammonia are

driven off, and the action is apt to be incomplete. We
bad some difficulty in procuring vessels in whioh the

reaction could be conveniently carried out under pressure,

and owing to the impossibility of getting special vessels

made which would stand the action of the hot mixture of

ammonia and ammonium chloride, we used stoneware

ginger-beer bottles which had a screw stopper with a

robber seating. 100 gm. of sulphonic chloride could be

placed in each, 100 cc. of o BSo ammonia quickly added,

and the stopper screwed in firmly. On shaking vigorously

the action began, and as soon as the botile became loo

hot to hold it was placed in cold water. No mishaps

occurred, and the yield was eN:ellent, the liquid only re

quiring filtering and the residue washing with cold water.

The mother liquors on evaporation gi\e small amounts of

the m-amide but very little else besides the ammonium

chloride. Under these conditions about half the ammonia

taken is actually used, and on a large scale the unchanged

ammonia could be recovered by boiling the liquors. The

yield of *iiMi-8ulphonamide is 04—97 P^' cent.

Preparation of Clihramine-T.—Tae conditions for the

conversion of amide to chloramine were given in detail

by Dakin, one mol. of amide being dissolved in 12 mols.

ot sodium hypochlorite of definite concentration,

and the chloramine then precipitated by the addi-

tion of strong brine. At first his actual proportions

were used, but it was found to be unnecessary to use

brine. If the amide is dissolved in a warm, strongly

alkaline solution of sodium hypochlorite of concentration

i-i to 2'0 N, a large crop of chloramine is formed on

cooling and the remainder can easily be obtained on

evaporation. It is very important to have a decided

excess of caustic soda, and lor each mol. of amide

we usually take 105 to 11 mols. of hypochlorite and

I mol. of sodium hydroxide. The preparation of the

hypochlorite is of course straightforward. 0>ving, how-

ever, to the cost of acids in New Zealand and to there

being no electrolytic source of chlorine, we found it most

convenient and cheapest to use bleaching powder as the

slitting point. The crude chloramine T obtained in this

w»y is°contaminated with sodium chloride ,
but even the

crude crystals on drying contain gj—95 per cent of

chloramine. The substance can be easily purified by re-

crystallisation from water. If dissolved in twice its

weight of hot water, a large proportion can be obtained

in the pure form (over gS per cent) on cooling. The

final filttatian is apt to be troublesome ; the crystals do

not pack well on the filter and it is therefore difficult to

remove the mjther liquid completely. If, however, the

cooling is carried out rapidly without stirring, a different

shape of crystals is obtained which filters much more

readily. It is thus possible, working with large quantities,

to get a product of over yg psr cent purity.

Utilnation of by-producls.— In the sulphonation as

described most of the toluene is used, but half the sul-

phuric acid taken is contained in the mother liquors after

removal of the toluene by superheated steam. At first it

was hoped that it would be possible to recover the acid in

» liom Ibe Journal ^fllu Society :fCh micj/ /u (iij/r>', Sepieraber,

191a.

the pure state by distillation and use it over again ; but

there Is always some charring and the impurities remaining

make it comparatively useless. It contains 34 pet cent of

water. In the remaining stages of preparing the sul-

phonate the by-products ate small in quantity and com-

paratively valueless. Some lime or calcium carbonate is

used and converted into sulphate, but the quantity is very

small. In the preparation of the sulphonic chloride the

by-products are sodium chloride and sodium ortho- and

me^o-phosphate. It would probably be worth while to

utilise the latter on the large scale, but our experiments

are incomplete. In the preparation of tne sulphonamide

the chief by-products are ammonium chloride and excess

of ammonia. The former can be easily recovered and

the ammonia could be made use of with suitable

apparatus.
In the preparation of hypochlorite and of chloramine,

the by-products ate calcium carbonate—a nearly pure

precipitate—and a liquor consisting of sodium chloride

and hydroxide. No doubt use could be made of this

liquor, but we have made no attempt in this direction.

The above results have been obtained under laboratory

conditions making some pounds of chloramine per week.

Owing to lack of filtering apparatus and other labour-

saving devices we have not made expt iments on a still

larger scale ; but our experiments have always been made

with a view to their application to large-scale operations,

and we have every reason to believe that they would not

fail in commercial practice.

TO
THE CONFIGURATIONS OF ORGANIC

COMPOUNDS AND THEIR RELATION
CHEMICAL AND PHYSICAL PROPERTIES.

By ARTHUR MICHAEL.

(Concluded from p. ;o).

In catalytic esterification a primary product of mineral

acid catalyst and alcohol (62) has been assumed, which

unites with organic acid to form a still larger " polymole-

cule," and the next phase may be similar to that in the

direct process. Oiving to the strong negative character

which the general acid catalyst gives the "polymolecule,"

it seemed more in line with chemical analogy to assume

that, like the "polymolecule ' of hydrochloric acid and an

alcohol, it decomposes with the substitution of the

alcoholic hydroxyl by the acyl radical into catalyst, ester,

and water (Michael, Ber., 1909, xlii., jii) (63).

Thomas and Sudborough (Journ. Chem.Soc, lyia, ci.,

3iS) have objected to the above interpretations, and state

"out own view is that the direct and catalytic esterifica-

tion are essentially the same, the only difference being

that in the former case the organic acid is its own catalyst."

This old and widely accepted but indefinite view is not

pioven, nor does it ofier an explanation of the mechanism

of the process. In the direct method the organic acid is

its own catalyst if more than one of its molecules and the

alcohol unite to form a " polymolecule," which should

then change chemically according to the above-mentioned

Henry hypothesis. The purpose of such a gathering of

acid molecules would be to overcome the hindrance in the

addendum to the addition ; ie.,to aid the separation of

the hydroxyl hydrogen of the alcohol by the resulting

accumulation of the free energy in the system. In the

esterification of acetic acid, which even in a vapour state

consists largely of " polymolecules," this may occur, but

this view cannot in a general sense be considered probable,

although in some other cases direct esterification may pro-

ceed in such a manner.

The velocity in catalytic esterification appears to depend

primarily on the affinity of the "polymolecule" of the

From lbs Jj .,1 vl Iht Aiin-ru.ai Clu-iiiu.il iocu-ly, \\., No. 11.
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mineral acid catalyst and alcohol to the acid, as expressed

in the sum total ol the Itee negative energy in the carboxyl

group, and should be, owing to the strong neijative

character of the " palymolecule,' inversely ptopjitional

to the negative value of that acidic group (Michael, Ber.,

igog, xli... 312). That this carboxyl value does not

neccBsaiily coincide with the affi.iity constant of the re-

spective acid is seen in the relations of the vcljcity

values to the affinity coni-tants in stereomers of the

type RHC-CRCOOH. Owing to the d tect union of

CHi to coon in ethylcmc 1^,7 acids, and the less

intimate relation of the acidic group to the .i carbons than

in a.o-acids it agrees with the above view that the

members of the first group of monobasic acids show

greater velocity values than their isomers in the latter

class. Anomalous, however, is the more rapid esterifica-

tion ol trans-a.7acids than the corresponding; saturated

derivatives, but this may be due to the comparison of

acids with unlik*" steteostructutes.

Sudborough and Kobens found that in substituted

acrylic acids the " 3-coiiipounds are, as a rule, esttrilied

more readily than the a-aomaxMXs'^ (yotirn. Chem. Sue.

1905, Ixxxvii., 1S42), and later, Sudborough and U.iviei

state that " a comparison of the values tor tiglic and di-

methyl acrylic acid at once shows that these acids are

exceptional" i/iii/., 1909, xcv., 977). The rule applits,

howtvcr. in all known cases if it is restricted to trans 6-

conipounds.
Tiglic and dimethylacrylic acids do not constitute

exctpiions to the modified rule, as in them the effect of a 1

CIS alkjl group is compared to that of the group in the

o-position. Indeed, the velocity values shown by the di-

and tn-methylacrylic actds indicate that allocrotoi>ic acid

should show a smaller value than meihylacrylic acid ; that

is, cis fl-methyl probably exerts a greater retarding in-

fluence than the radical in the o-place. Tnis strong

inhibitory tfl'ect of cs alkyl group manifests itself in

SuHhorough an.t Lloyd's rule for slereomers of the typr

VHC = CA'(COOHi (ibid., 1898. ixx ii., 93). in which X
and y arc alkyls as the cis-dei>vative8 arc esterified very

much slower than the trans forms.

Further, Sudborough and Robert? believe that the

posit on of /3-chlof04llocrotonic acid is "remarkable, as

there is very litile difference between its cnnstanl and that

of a-ch'orocroionic acid" (IhiJ., 1905, l.><xxvii., 1842). In

comparing the eff<rCl of substituenis on the constants ol

stercomcnc aciris the derivatives of mother substances

with sim lar configurations should be used, otherwise there

are two different factors involved in the problem. We
should therefore compare o - chlnrocrotonic acid

(0163x10-5) with allo-/3 crotonic acid (0-438x10-5),

where an increase occurs, and the values show that cis

(i CI inhibits catalytic esierification to a less extent than

do s a CI, which agrees with theory.

Thi esterification constant (o 905) of allocinnsmic acid

(t4 2Xio-s) is only slighily less than that (0-937) ol

cinnamic acid (35x10-5); in a-chlorocinnamic acid

(9-71^10-5) and a chloruallocinnaniic acid (107x10-5)

the proportionate divergence (0028 : O'loi) increases,

because phenyl in the first acid is in the cis-position to the

halogen, and in thus neuiraliving its negative energy to

a larger extent does not increase the negative energy in

the crb xyl to the same degree. It is of interest that the

close relationship in the affiiity constants of ii chloro-

cinnamic (2S x 10-5) and fl chloroallocinnamic (27 x io-5)

acid is also shown in the esterification constants

(0-355 and 0-371) (Journ. Chtm. Snc , 1905, Ixxxvii.,

1843); that is. tne relative influences of the phenyl and

ch iriiie in th^se pjsitions on the acidic hydrogens also

extend to the lotal negative energy in the carboxyls.

Three decades have just passed since the appearance of

van'i H ft's " Dix annc--s dans I'H sioi[»-. d'une thi.' uie "

(64). and J. VVishcenus's " Ueber die Rauniliche Anoidiiung

u. e. w," and a backward and forwaid glimpse at the

subject seems it place.

It was unfortunate lor the development of stereo-

chemistiy that van't H .fi connected it with optical

activity through the tetrahcdral form of the carbon atom.
Lossen (/li;«., iSSo, cciv., 336, Ber., 18S7, xx., 3306) and
Auwers (" Entwickciung dci S.eteochennc," 1S90. 22) have
shown that the views connected with this shape concep-
tion lead t3 conclusions incoii.paiible with our ideas on
dynamic energy, and the writer (yuiiin. Prakt. Chem.,
18S6, [2],xliii., 587; 1889 xivi., 209, 381.; 1892, hi.,

289, 359;, that its application by van't Hofif to explain
static and dynamic intramolecular atomic relations, and
tnose due to unsatutaiion, is opposed by innumerable
chemical facts. Further, that optical asymmetry is purely

a mechanical phenomenon, resulting from the effect of

four unequal chemical forces on the atom, and properly
belongs to mechano-chemistry (Michael, Ber., igoi,
xxxiv., 3647; yoiirn. Pru'it. Chem., 1937, 2], Ixxv.,

117). 165).

Using van't Iloff's conceptions as the theoretical basis,

Wislicenus, in his remarkably lucidly written monograph,
develi ped them in their application to unsaturated com-
pounds 111 the only possible logical and consistent manner ;

indeed, it was generally accepted that the configurations

of such bodies were definitely and permanently established

by the theoretical and experimental investigations ot this

chemist, and van't H ff {loc. at
, p. 70) did not hesitate

ta make this statement without reserve in the above-
mentioned book. In the long theoretical and txpeiiinental

controversy that followed it was finally conclusively

proven that all of the configuratijns ot Wislicenus had to

be changed (youxi. Prakt. Chem., 1895 _>],lii., 359),
as they had been based on the acceptance ot cis-ptocesses.

whereas in reality trans-processes are the rule. But the
new classification showed the inherent weakness of the
fundamental slereomeric conceptions, as su.;h trans-

pvocesses not only find no expression in them but they
are in direct conflct with the cis-p.ocesses that must be
assumed to explain ring formation {yoiirn. Prjil. Chem.,
1S95. [2], lii., 289).

As ii has been possible to coordinate the chemical and
ph)'eical properties of unsaturated sttreomcis to a \-ery

considerable extent with the stereostructures used in these
papers, there must be an in-imate correlation between
them and the spacial relations ol the atoms as they
actually ixist in the molecules. Perhaps the future will

solve the diflicuhics of the present by configurations
based on dynamic, instead as now on sialic conceptions.
It is hoped that these papei swill draw attention to the
chaotic condition of much of the available experimental
data that necessarily serve as the basis of theoretical dis-

cussion. The physical properties of stereomeric com-
pounds, even when they b.long 10 the same carbon
series, have seldom been determined under comparable con-
ditions, and their interrelations are often obscured by values
obtained from bodies ot apparent impurity or by methods
of doubtlul accuracy. In many cas;s of great impcriance
the molecular states of aggregation of the substances are
unknown, which makes their physical constants of little

value tor theoretical discussion.

Tne ideal investigation would start from the simplest
derivative from which stereomers may be formed by sub-
stitution. For instance, with acrylic acid as the mother
substance for the monobasic a,8,A-acids, and from the
properties of products formed by the replacement of a-,

cis-, and trans i3 hydrogens, the values of atoms ant]

groups in definite positions to the chemical functions in-

volved in the processes could be ascertained. Although
such vahies would vary somewhat in different compounds,
with sufficient experimental data allowance could be made
lor structural differences, and the relationship between
properties and the spacial relations of the atoms could
then be traced with far greater certainty than is now pos-
sible. Such studies of the physical and chemical pro-
perties ol stereomeric derivatives will give an insight into
the mechanism and nature of chemical change, and the
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intrainolecalar atomic relations and maiual infljiinces, to

a fat gtcaiet degree than is possible witn any other group

of compounds. And as tbe properties ot these isomciic

substances dcpenJ so obviously oi\ tbe spacial variations

of the atoms, they should help to dispel that cuiious

survival of Ibe type theory that a comprehensive organic

theory can be based on the intracelations of more or less

large groups of atoms instead of on those ol the atoms
themselves (Jjh)vi. Priikt. Cliem., iSgg, [2], Ix., 2S5),

whose persistence still not inttcqucnily leads to theoretical

conclusions that are incompatible with the facts from

which they are drawn.
The law ol entropy is valid only in a system that is

cooling off, and it m intimately related to the energy

translotmations connected with changes in the states of

aggtegitijn. Hence all cisderivatives in the energy

sense strive to pass over into trans-compounds, and the

transmutations are primarily iacilitated by heat, because

the assimilated energy assists in overcoming the hindrance

to toe entropy increase. It a plant were exposed to

suflijiently intense extraneous and chemically readily

assiiniUblc energy, such as ultta-violet light and certain

foims ol electric energy, it might biing about a reversion

in the e.iergetic relations. The free energy might now be

increasing, and the dominant Ua' in such a system would

no longer be the entropy principle, but one which may be

designated the law of extropy.

Under the present conditions the law of entropy repre-

sents a resultant, in which the conversion ot free into

bound energy and heat greatly predominates over the in-

verse telatuns. Indeed, it is proiiable that the exttopic

energy relations in cosmos ha\e not received the con-

sideration that they merit. Is it not possible, for instance,

that a purpose of some of the less refrangible light waves
in the economy of nature is to act as diluents to the ultra-

violet rays which are so active chemically, and thus pie-

vent the too rapid accumulation of free chemical energy ?

Or IS I'- not conceivable that in other planetaty systems

extrjpy may prevail, and that those mysterious disap-

pearances in space may be connected with too great an

accumulation 01 free energy '

It is because it is possible in the group of stereoiso-

merides systematically to add or talte away energy, that

this class of compounds is incomparably bettsr titled than

any other for the study ol the relations of energy to

properties and chemical structure. In the ability of the

chemist in the laboratory to reproduce with them changes

in the relations of energy to matter, which are similar to

those constantly occurring in nature, is an invaluable

means to a better insight into nature's chemical secrets.

Notes.

62. See Ftiedel (Bull. Soc. Chim., 1877, [i], xxiv.,

166, 241), Archibald and Mcintosh {yoiini. Cnsm. Soc,

1904, Ixxxv., gig), Goldschmidt (Bey.. 1906, xxx x., 711),

Michael {Ber., igig, xlii., 311). Base and acid are

relative terms, and the oxygen it organic compounds
derived from water usually possesses its property of

uniting with acids to form mote ot less stable salt-like

addition products. The comaound ftom HCl and (CHfjJjO

may be represented bv (CHji^O^
| , but it is a mistake

^Cl
to suppose that the bound enetgy, wh ch in hydrochloric

acid holds the elements together (see Ji'urn. Am. Cliem.

Soc, igio, xxxii., ggi, 1004) is involved in its formation

to any extent, 01 that its existence is not partly due to the

interchange between the free energy in the carbons and

the hydrogens of the ether and the compDnents of the

acid. Indeed, the complicated compositions of many of

these addition products are probably due to the formation

of " polyinolecules " mainly by the neutralisation of free

energy ol the constituent molecules. Tne qi;estion of

when localised addition occurs has been solved in only a

few cases, and there is no doubt that Baeyei's " oxoniiim
theory" is responsible for many formula; that appeal more
to jthe sense of hiimour than to that ol reason. Kendall
and Boorge (yotirn. Am. them. Soc, igi6, xxxviii., 1735)
believe that tncre is no apparent justification'for favouring
the localised addition of the mineral acid to the hydroxyl
oxygen of the organic acid rather than to the catbonyl
oxygen, but it is obvious that the first oxygen is relatively

less negative, and if such an addition really takes place it

should be at that point. In his interesting papers on such ad-
dition compounds Kundall has drawn certain theoretical con-
clusions, which the facts presented do not seem to warrant.
Tnus (yoinn. Am. Client. Soc, igi4, xxxvi., 251) the slow
sulphoiiation of aniline, which proceeds only at a high
temperatuie in comparison to the " instantaneous " forma-
tion ot the double compound of /"-ctesol and sulphuric acid
at a low temperature, is in the latter case "in agreement
with theory that the reaction is an oxonium salt formation
and ionic in its nature." This does not appear to be
a correct assumption, for it is not aniline but an acid
aniline sulphate that is sulphonated, which is_ important
because it now contains a negative group which protects
the nucleus from direct substitution. Numerous organic
reactions demonstrate the untenability of the supposed
relation between the time element and the "ionic nature"
or "oxonium salt tormation." B'or instance, the union of
alkyl iodides with alkyl sulphides proceeds from explosive
violence at ordinary or instantaneous at a lower tempera-
ture, to slow union or inactivity at otdinary temperature,
accoiding to the nature of the alkyl radical. Further, the
medium may have an enormous influence on the velocity of
an organic reaction, and it has been proven that no relation
exists between this capacity and iis power of ionisation
ot its unsaturated nature (Mcnschutkin, Kahlenberg,
Michatl, and Hibbett, el al.). Indeed, in some reactions
the velocicy is in inveise ratio to the ionisation of the
addenda (Michael and Brunei, Am. Chem. founi., igoq,
xli., iiS ; igt2, xlviii., 267). Genetally speaking, it is

undoubtedly ttue that ptoducts fotmed chiefly in the
intetchange of free energy show a greater velocity
formation than those involving proportionately little free
and much bound enetgy. In most cases the energy
changes are continuous ; that is, the • internal maximum
heat" (Woh\, Ber., 1907, xi., 22130) from the conversion of
free into bound energy fa\'OUrs instability of the ptimaty
pioduct, and more ot less tapid tearrangement of the
bound energy ensues, with pattial transtormation into
heat energy. Helmhollz's idea that all reactions are
"ionic," transferred by Ostwald into organic chemistry
without any discrimination ot judgment, has been the
source of endless futile and unwarranted speculation, and
has without doubt seriously hampeied the development of
organic chemical theory.

63. These views have received further confirmation in
the investigation of Baume and Pamfil (Comj>tes Rendiis,
igi2, cxv., 426).

64. In memory of J. H. van't Hoff, equally great as a
man and a profound and original thinker in Science, the
following note from him is published, which was written
in English and received with a copy of this book :— " By
the same post I take the liberty of offering to yout kind
attention a little work of mine, that treating on isomerism
pethaps may atttact notice ftom your side. If it shortens
tbe distance between your conception of ' alloisonietism '

and mine, I shall be amply tewaided. In any case, my
compliments and my be^t wishes fot the intetesting facts
on isometism that your investigations lay clear."

65. Modifications or further developments of this idea
have been advanced by Winthet (Zeit. Phys. Chem., igo5,
Ix., 590, 641, 756), Baly (Zeit. Electrochem., igii, xvii.,

2H), Richards ('Journ. A-ner. Chem. Soc, 19x4, xxxvi,,

2435), and Wesson (Ibid., p. 2522). There seems no
duubt that optical activity would result if four unequal
purely mechanical forces could be brought to bear on a
carbon atom.
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NEW ENQINEliRlNO INOUiTRIES.
EXPERTS" Sl'bvey of Post-wab OrENISCS.

The Engineering Trades (New Induetcies) Cominitlee of

tbe Ministry of Keconstiuciion have subniilted their

report. They were appointed by Di. Addison in Uiceni

ber, 11J17, to compile a list of articleti (suitable °,for inanu-

factare by those with engineering trade tsperience or

plant) which were either not made in the United Kingdom
before the war, but were imported, or were made in the

United Kingdom in ineullicient <|uantitieE, and lor which
there is likely to be a considerable demand after tbe war.

The Cominitlee consisted of sixteen leading engineers

and manalacturers. under 'he chairmanship o> the lion.

11. U. McLaren, C.B.E., Ml'., but with it was a Labour
panel of eleven leading Trade Unionists under Sir Claud
Schuster to advise on labour questions likely to arise in tbe

Betting up of new industries.

.\ list of imported articles having been compiled, the

Committee found that the best way of proceeding was to

get up a number of 13ranch Committees, each of which
could give detailed consideration to a particular group of

articles in the list. These Committees were fifteen in

number and dealt respectively with (i) .\gticultural

Machinery; (i) Hollow ware, Sheet Metal, and Pressed

Work
; (j) Electrical Plant ; (^) Machine Tools ; (5) Mis-

cellaneous Machinery
; (0) Scientific Appjratus

; (7) Tex-

tile Machinery (sub-divided into eight Branch Committees)

;

(8) Light Section Rolling and Extension
; (9) Wire

brawing Machinery; (10) Printing Machinery; (11)

Printers' General Machinery; (12) Paper Making
Machinery; (13) Leather Making .Machinery; (i.|) Air-

craft; (15) Motor Industry. Kich Committee consisted

of expert members drawn from the industiies appropriate

to its group, but was presided over by a member of the

main Committee. In this wa/ the knowledge and services

of some 150 leading manufacturers of the country were
drawn upon.
The Committees also worked in close touch with their

industries as a whole. Prom certain industries not repre-

sented directly in the liltcen groups special evidence, sup-

plied in reports or by witnesses, was taken. In the case

of certain articles of the list it was found desirable to

undertake experiments before reporting on the possibility

of manufacture. I'or these, materials and other facilities

were obtained through the .Ministry of Reconstruction.

The report now issued consists of a report by the Main
Committee as a whole and reports from each Branch
Committee, dealing with a particular group of manufac-
tures. The Main Committee make certain general obser-

vations as to tbe conditions under which new industries

should be set up if they are to develop successfully,

touching upon such questions as tinance for industry,

export trade, foreign competition, the improved methods
necessary il British engineers are to maintain a leading

position, industrial and scientific research, exhibition:*,

education, and labour conditions.

The Committee strongly recommend tbe more extensive

adoption of specialisation and standardisation, particularly

in the case of small manufacturers who, in their opinion,

would do better to confine themselves to the manufacture

of a few types of articles which they could then bring to

greater perfection and produce mure cheaply. The Com
mitteee think that such a concentration by each inanufac

turer on a few types of articles, with proper standardi

sation, would enable tiigintcting operations to be carried

out as "repetition work." This would not only enable

many men, highly ?killi.d and highly paid, to be employed
in manufactUTing the necessary tools and jigs, but would
also create an opening for the employment at good wages
of a number of unskilled and semi-skilled operatives, both

male and female, and wounded soldier.^. In this connec-

tion the Committee emphasise the importance of co

ordinating manufacture and design, recommending that in

future all Government designs and specifications should be

considered in co operation with experts in workshop

methods of production. Ttey are of opinion that in tbe

absence of special circumstances Government depart-
ments and public authorities should order standard goods
of British manufacture, and that in cases where there is no
question of ordering standard design they should have in

view the encouragement of the production of articles of

new and improved types or of experimental design.

In order to stimulate production the Committee con-

sider that both employers and workpeople should be
educated both generally and specially : Employers and
staff, in regard to what is being done in up-to-date works
where quantity production under scientific management is

carried on, and workpeople, to remove the impression that

quantity production produces unemployment, and to make
them realise the natiu.ial importance ol producing the

maximum output in the minimum time.

The Committee concur in a number of conclusions
drawn by the Labour Advisory Panel, and recommend that

new industry should not be introduced into this country
unless the wages paid to those employed in it ate such as

to insure an adequate standard of living and unless

machinery exists or can be set up for regulating rates of

wages and hours of labour ; further, that no industry be
introduced under conditions involving any special liability

on the part of those engaged in it to industrial disease.

Incidentally light is thrown upon the restrictive elTects

of legislation in the past upon the development of British

industries, and upon other conditions such as the incidence
of taxation, dumping, &.Z., which, in the opinion of those
engaged in engineering, stand in need of reform.
The report then gives summaries of the reports presented

by the various Branch Committees. In view ol the newly
recognised importance of agriculture in this country tbe

report of the Branch Committee on Agricultural Machinery
will be of interest. While tbey consider that this industry

was on the whole in a fairly satisfactory condition before

the war, they think that there is room for considerable
development, both in home and export trade. They draw
special notice to the motor tractor industry, which is mote
highly developed in the United States than in this country.
Several British firms were devoting attention to this pro-

duction before the war, but Government demands upon
them for munitions greatly retarded the development of

the industry. The result of the importations by the

Government and pri\ate firms of American tractors on an
immense scale is watched with some anxiety. Many firms

are preparing to manufacture them and they will be pro-

duced here in large quantities as soun as the necessary
raw materials and labour are available. In view, bow-
ever, of the advantageous start given to the imported
article, due largely to Government action, it is very impor-

tant that every facility and encouragement should be given

to British makers at the earliest possible moment.
Amongst other agricultural articles the manufacture of

which could in the Committee s opinion be greatly deve-

loped are cream separators, swath turners, hay loaders,

disc harrows, and corn and seed drills.

The Branch Committee on Hollow-ware, ^heel Metal,

and Pressed Work, in a detailed report on 05 branches of

manufacture, consider that only a small percentage ol

highly skilled labour i<: required in this branch of industry,

mainly for tool making and repairing. Uf tbe remaining
labour, having regard to the amount of physical strength

and mechanical aptitude required, women to the

estent of about jO per cent could be employed. Among
the many articles dealt with by this Committee are sewing
machines and typcwiitets. Large firms are known to be
taking up the manufacture of the former, and it is believed

that they will be adequately manufactured in this country,

but there is room for considerable development in the

manulactute of typewriters.

Interest also attaches to the report of the Branch Com-
mittee 0-1 Electrical Apparatus and Machinery, who con-

sider that as regards most of the articles under their

consideration ample manufacturing facilities exist, and in

many cases did exist before the war, for meeting tbe whole
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tequicements ol the Unilsd K'ngdom and Colonies and, in

certain cases, fot meeting tbe export trade to other

countries, but that these (acihtxes were not fully employed
owing to tbe importation of articles from abroad. 1 hey
lay special stress upon the necessity for ensuring the con-

tinuance of tbe manufacture of carbons and attach a

special report as an appendix which points out that bad it

not been for the action of one htm on continuing to make
arc lamps carbons at very considtrable loss to themselves,

the country would have had considerable difficulty in

meeting tbe demands for searchlight carbons. With
regard to magnetos, now adequately made in this country,

tbe Committee recommend that German magnetos should

be excluded for a period after the war, except under
licence, and that a duty should be imposed on all imported

magnetos.
The Branch Committee on S;ientific .Apparatus point

out that the scientil'ic apparatus industries are vital to the

nation during peace and war. No country can remain for

long in tbe front rank industrially if it depends upon others

for its scientific apparatus, be:ause such apparatus is

generally produced where science is most actively applied

in industry. The Committee gives a long list of

articles which are not adequately manufactured in thib

country, and in regard to wnich there is room for new
industries. One such industry is thi manufacture ol

clocks and watches on a large scale. They consider the

establishment of such an industry of very considerable

importance. In Switzerland, Germany, and the United

States, these manufactures, turned out in large quantities

and cheaply, constitute the chief training ground for

skilled mechanics accustomed to work of the highest pre-

cision.and finish. In this country, which has no such training

ground, the scientific apparatus industry suffers irom lack

of such skilled help and manufacturing experience.

Tbe Branch Committee on .\ircraft Machinery consider

that owing to the enormous expansion of the industry

during the war, its output capacity will be greater than the

demand for years to come, and advise that immediate

steps should be taken by the Government to avoid the

extinction of so essential an industry. Proposals to this

end have been forwarded to the Government.
Valuable technical information is contained in the

reports presented by the Branch Committees on Textile

Machinery. Generally speaking, textile machinery was
adequately manufactured in this country, but the articles

taken up by the Branch Committees were textile machines
of a highly specialised kind, in the making of which there

seemed room for further development. .Amongst the

machinery dealt with is that required for calico printing,

dyeing, hank mercerising, llannelette raising, gas mantle

yarns, silk waste, lace and embroidery making, latch

needle making, >Vc.

The Branch Committee on Machine Tools and Small

Tools give a list comprising a number of machines which

ate not adequately made in this country, and in the

making of which there is room for further development.

.\mong these are mechanics line tools, portable electric

tools, lathe and drill chucks, and many other kinds ol

machine tools.

It is impossible to summarise all the Branch Commiitees'

reports in a newspaper article. Generally speaking, how
ever, they go to show that whilst in many fields British

industry was mote licmly established and more successful

than is sometimes su,')posed, there are, nevertheless, in

nearly all directions openings for manufacturers with

enterprise.

The Committee have agreed that bona fide enquirers

interested in the manufacture in Britain of any particular

article may be put in touch with the Chairman of the

Branch Committee concerned to obtain such information

as is available and advice as to their prospects in entering

upon a new field of industry. Such enquirers will be able

to obtain at tbe Ministry of Reconstruction all the infor

nialion made available by the Branch Committees, except

that which i'^ of a confidential nature.

PROCEEDINGS OF SOClETltS-

ROYAL SOCIETY.
Ordinary Meeting, January 30, igig.

Sir J. J. Thomson, President, in the Chair.

The following pajieis were read :

—

"An Invesligation uj Extreme Ultra violet Spectra with
a Vacuum jrating spectrograph." By Prof. J. C.
McLennan, F.K.S., and K. J. L.\m,.

In this investigation the vacuum-grating spectrograph
used was designed and constructed by the Adam Ililger

Co. The grating had a lulmg 2-5 cms. wide and :y cm.
in length, of 2u,ooo lines to the inch. Its radius ot cur-
vature was 120 cm.
The vacuum arc spectra of metcury, copper, iron, and

carbon were investigated. With carbon, wave-lengths
were observed and measured down to to A = 5S4 A.U.

" On the Absorption Spectra and the Ionization Potentials

of Calcium, Strontium, and Barium." By Prof. J. 0.
McLennan, P.lx.S., and J. V. T. Vou; 1.

In this paper it has been shown that the wavelengths
constituting the series i5 = (f5, S)-(w, P;, which are
strongly absorbed by the \apoutsof calcium and strontium,
are also strongly absorbed by the vapour of barium.
The wave lengths of this series are as follows :

—
HI 2 j 4 5 b

.\(A.U.) = 5535 3275 2845 2597 2542
c"=ioS64-5 30534-4 351494 385021 39339-1

"•7 8 9 10
A(.\.Uj = 2498 2470 2455 2441

S = 40032 40466 40733-2 409G6-8

The wavelength of frequency i^ = {i-5,S) for barium
has been shown to be A =23S.i-56 A.U., and the wave-
lengths of the two series (5= (2-5, S) - («i, f^) and
^ = (3-5, S) - (m, P| have been calculated.

The wavelength of frequency ," = (1-5, S) - (2, /i.,) has
been deduced as A = 79oi-ii .\.U.

Assuming that the ionisation poten'ial for barium is

gi\en by the relation Vf = /ii", where i" = (r5, S), the value
of this magnitude for barium has been calculated to be
5-2r volts.

" Vacuum Arc Spectra 0/ Various Elements in the

Extreme Ultra-violet." By Prof. J. C. McLennan,
F.K.S., U. S. AiNSLiE, and D. S. I-'lxllk.

The experiments described were carried out with a
tluorite spectrogiaph whose optical train consisted of a
60'' prism and two biconvex lenses of 15 cm. focal length.
The vacuum arc spectra of copper, zinc, aluminium,

carbon, thallium, tin, lead, iron, cobalt, nickel, and
cadmium were investigated between \ = 2400 A.U' and
A = i(OuA.U. The measurements obtained for the
vacuum arc spectra of copper, zinc, cadmium, and
aluminium are well covered by the results for the spark
spectrum of these metals, as obtained by previous workers.

For tin, lead, and thallium the results agree fairly well
with those given by Saunders from a = 2|uuA.U. to
A — 1700 A.U. Below tbe region covered by Saunders'
work many new lines were observed and measured.
The measurements for the vacuum arc spectra of iron,

cobalt, nickel, and carbon appear to be tbe tirst obtained
for the aic spectra of these substances in the Schumann
region. F'or these spectra nearly alt the measurements
between A = 240o A.U. and A - 1S50 A.U. as given in the
paper are covered by previous work on their spark spectra.

Within the region between A = 1850 .\.U.and A = 1400 A.U.
a number of new lines were photographed and measured.

" Emission and Absorption in the Infrared Spectra of
Mercury, Zinc, and Cudmtum." By K. C. Uearlc.

In the invesligation described in this communication
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the absorption specie* of mercury, zinc, and cadmium
wtre ttudied with a Hilger Infra-red Spectrograph pro-

vided with a rock salt prism and a liiear thermopile, in

conjunciion with a Paschen Galvanometer made by the

Cambridge Scientific Instrument Co. W'lth each of the

vapours the range investigated lay between i o /j and
1-6 /I.

In studying the emisoion epectrum of mercury vapour

bombarded by electrons, it was found that radiation of the

wavs-lent;th A = 10140 A.U. was emitted with impact

voltages as low as 5 volts., and evidence was also

obtained indicating that mercury vapour could be made to

emit radiation of this wave-length with impact voltages

less than 5 volts. The paper presents some considera-

tions in support of the view that while mercury has an

ionisati.)n potential ol one type of 104 volts., tt.may also

have an ionisation potential of a second type ot about

2-5 volts.

" The Meamrement of Magnetic Susceptibilities of Lott-

Order." By Ernest Wilson.
I, An Instrument which has been designed for the

measurement ol magnetic susceptibility of low order. It

dtpends for its action upon the pull exerted by an electro-

magnet in accordance with the well-known Maxwell

txpression for the mechanical force exerted upon unit

volume of the substance. This mechanical force is

balanced against the force of torsion in a phosphor-

bronze strip.

7. The instrumental constant is determined from data

obtained directly wiih the instiument itsell, and by the

employment of substances whose susceptibilities had been

measured by other methods. A modified method of using

a ballistic galvanometer has been devised which leads to

greater sensitiveness. Rock specimens and other sub-

stances have been used, and some interesting results

obtained. It is shown that the susceptibility of 13 pet

cent manganese alloy is much smaller than usually sup-

posed.

3. The susceptibility of powdered rock specimens has

been measured and compared with the solid. A very fair

agreement has been obtained between the two, and the

method has the advantage that powders can be rapidly

made.
4. The susceptibilities of varieties of mica have been

measured, and it is shown that in certain cases, in a

direction parallel with the lamin;e, the susceptibility may
be over 50-fold that obtained in a direction at right angles

thereto.

5. A series of light aluminium alloys has been tested,

and it has been found that whereas the susceptibility of

commercial aluminium is increased by alloying with

copper and manganese, it is diminished by alloying with

cobalt.

6. It is shown that the balance could be used to rapidly

determine the relative amounts of ferrous iron in dirtctent

specimens of j;lass.

7. Certain tpecimensof tourmaline have been examined.

The green and dark blue opaque varieties have suscepii-

bilities in the direction of the principal cryslallographic

axis varying from 16 to 20 per cent less than in a direction

at right angles thereto. The susceptibility of rose-coloured

tourmaline is very small in comparison.

8. The paper concludes with a note on the retentivity

of rock specimens and its possible influence upon magnetic

disturbances in magnetic survey work.

"An Experimental Determination of the lonisalion

Potential for Electrons in Helium." By F. Hokton,
D.Sc, and Ann C. Davies.

An invebtigation ol the minimum potential difference

through which an electron must fall in order to be able

to ionise an atom of helium on collision with it, has been

made by methods capable oi distinguishing between

ionisation of the gas and secondary eOects due to radiation.

It has been lound that radiation is produced when
electrons having a velocity of 20-4 volts collide with

helium atoms, and that this i^ not accompanied by any
onisation of the gas.

It has also been found that ionisation of the helium
does n.t occur until the velocity of the electrons is raised

to 25 6 vo its, and that no other type ol radiation is pro-

duced at this p:iiiit.

SOCIETY OF PUBLIC ANALYSIS AND
OTHER ANALYTICAL CHEMISTS.
Annual General Meeting, February 5, 1919.

Dr. Samuel Rideal, President, in the Chair.

The President delivered his annual ."Address.

The following were elected as Officers and Council for

the ensuing year :
—

Presiitent—Samuel Kideal.

Past-Presidents—Serving on the Council (Limited by
the Society's Articles of Association toei-'ht in number)—
Leonard .\rchbutt, Edward J. Bevan, A. Cnaston Chap-
man, Bernard Dyer, George E nbrey, Otto Hehner, E. VV.

Voelcker, J. .Augustus Votlcker.

Vice-Presidents—\V. T. Burgess, G. N. Huntly, Alfred

Smetham.
Hon. Treasurer— Edward Hinks.
Acting Hon. Treasurer— E. W. Voelcker.
Hon. Secretaries—P. A. Ellis Richards, E. Richards

Bolton.
Other Members of Council—W. Bacon, W. J. A.

Butterfield, H. G. Colman, G. D. Elsdnn, K. Hclhn,
D. Lloyd Howard, H. Hurst, C. A. Kcane, W. H.
Simmons, W. Lincolne Sutton, G. Rudd Tfjompson,

J. F. Tocher.

Ordinary .Meeting, February 5, igig.

Dr. Sa.muel Rideal, President, in the Chair.

Certificates were read lor the first time in favour of

Messrs. Robert Odell Bishop, A.l.C , Hubert William
Bywaiers, D.Sc, F.I.C., Pn.D., Robert Atkinson Oddy,
Charles Kenneth Tinkler, D.Sc, F.I.C.

A certificate was read for the second time in favour of

Mr. Cecil William Wood.
The following were elected Members of the Society :— ^

Messrs. S. II. Blichfcldt. John Clare Easiick, A.l.C,
Robert Howson Pickard, D.Sc, Ph.D., F.I.C, Lionel

Guy Radcliffe, M Sc, F.I.C, James Smith, Frank Edwin
Weston, B.Sc.

The following papers were read :—
' Technique oj Iodine Determinations ; n'ith a Xote on a

Xe-ii> .Machine for Subdividing Oleaginous Seeds" By
John .Allan.

In certain processes involving changes in the composi-

tion of oils, control is obtained by determination of the

iodine value. The sequence of operations is described,

and the arrangements made to secure the carrying out of

a large number of iodine value detetrniiiations in a

minimum of time.

The sub-division of certain varieties of oleaginous seeds

preparatory to analysis is attended with difficulty, as they

easily form pastes which clog ordinary milling machines,

and give a product the extraction o! which is highly un-

saiislaciory. The machine described overcomes this and
other difficulties, and besides being easy to operate, gives

a product In a highly suitable condition for subsequent

treatment in analysis.

" Recovery oj Ncssler Reagent." By D. I'l llman.
The whole of the mercury and iodine is recovered from

use 01 Ncssler solution by the addition of a soluble mer-

cury salt to the neutralised residues.

The mercuric iodide thus obtained is converted by means
of metallic zinc into zinc mercuric iodide and mercury.
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What special brands are there on that market, and
which, il any, has the preference ?

In what iorni are they marketed and in what style and
size containers ?

Where are they made and by what firms, and what
are the wholesale and retail prices ?

Are there any large manulacturing concerns in your
city or neighbourhood whose business is such as to call

lor large quantities of flux ; in other words, who do a

great deal ot soldering, what kind do they use, and of

whom do they buy, and what particular line or lines of

business are they in ?

We want all possible information, general and
specific.

If you can furnish me with any information along the

above li"!es, or, in the contrary event, advise a likely

source from which the same may be obtained, I shall

greatly appreciate the courtesy.— I am, &c.,

Robert P. Skinner, American Consul General.

iS. Cavendish Square, London, W. J,

February 7, igig.

CHEMICAL NOTICES FROM FGREIGM
SOURCES.

Note.— All degrees of temperature aie Centigrade unle&s otherwise
expressed.

Com/lies Rendus Hebdomadairts des Seances de VAcadhiiie
dcs Sciences. Vol. ci.xvii.. No. 20, NwVdmber 11. igiS.

Method of Estimating Metals by Electrolytic
Deposit without the Use of External Electric Energy.
Miuiice Francois.— If a solution of a metallic salt to

which sulphuric acid has been added is placed in a
platinum crucible, and a rod of zinc cr aluminium is sus-

pended in the solution so as not to touch the bottom of

the crucible, a current is set up, and a deposit of the metal
contained in the salt is obtained and can be weighed. To
determine silver or gold the solution must contain potash
and potassium cyanide and ammonia as well as the salt to

be determined, while with mercury the liquid must con-
sist of sulphuric acid containing a small propirtion of

potassium iodide. The operation takes twenty-four hour s

and the results obtained are exact.

No. 21, November 18, 1918.

Determination of Lactose.—E. Hildt.— In the

hydrolysis ot lactose phenol or benzene sulfhonic acids,

used in '.he form of barium or sodium salts, in presence of

a corresponding quantity of sulphuric acid, give excellent

results. The hydrolysis is complete after heating for

three and ahalf to four hours.

No. 22, November 25, igiS.

Solubility of Cupric Hydrate in Sodium and Potas-
sium Hydroxides.— Justin Mueller.— Cupric hydrate
.Tas neen supposed to be insoluble in NaOK cr KOH,
except in presence of organic substances such as tartaric

acid, but as a matter of fact the presence of organic sub-

stances is not i^di^pensable. In well defined quantities

cupric hydrate is completely soluble in sufficiently con-
centrated solutions of KOH and NaOH, the solutions

obtained ate quite stable and are not affected by heat,

even after they have been diluted. The concentration for

NaOH is 37^39° B., or a density of i'345— 1'370; for

KOH 45—48° B., or a density 1-453— 1-498. 'f 'he con-
centration is diminished or the propcrtion of copper in-

creased solution is not complete.

New Synthesis of Aromatic from Fatty Com-
pounds.—Tel. Komrinos.—Wncn malonyl chloiide re-

acts with acetone in presence ot marble two substances

are obtained—phlorcglucine and a compound of fcrmulg

The double salt, with the addition of sodium hydroxide,

forms an efficient nessletismg reaijent, whilst the metcury

is dissolved in nitric acid and used to precipitate further

residues.

NOTICES OF BOOKS.

l"he Industnil League yoiimal. Vol. I., Nos. I and II.

London : Published by the League at 56, Victoria

Street, S.W.

The aims of the Industrial League are so unquestionably

la-jdabia that it is much to be hoped that it will receive

the cordial sympathy a.ii support of the public, and that

the promoters on tijeir side will choose judiciously the

means of attaining them. The League exists lor the

purpose of bringing about a better understanding between

employer and employed, and the journal will do useful

service in spreading knjwledge and helping to educate in

the truest sense of the v/ord. The first and second

numbers reach a high standard of excellence, and well-

knoivii men have coninbuted valuable articles to them,

the F.'teword to the first number having been written by

tae Rt. Hon. G. H. Robeits, M.P. The same number

contains a full report of t.'ie proceedings at the first of a

series of Conferences arianged by the Industrial League

and held recently in London.

New Reduction Methods in Volumetric Analysis. By
Edmu.nd Knecht, Pn.D., M.Sc.Tech., F.l.C, and

Eva Hibbert, M.Sc.Tech. Reissue with Additions.

London, Nev/ York, Bombay, Calcutta, and Madras:

Longmans, Green, and Co. 1918. Ppx-f-135. Piice

5s. net.

This monograph contains detailed accounts of all the

work the authors have done' on the use of titanous

chloiide as a quantitative reducing agent for various

djterminations. Its applications include estimations of

metals, non-metallic elements, and organic compounds,

such as dyes, sugars, &c., and full details are given which

will enable students using the book to cbtain accurate

results after a little practice. In the new addition about

thirty pages of matter have been added in the form of an

addendum, and the new determinations include the esti-

mation of sulphurous acid in sulphites and bisulphites, the

estimation of nitrates and nitto-compounds, and some

other useful applications of titanous chloride which have

recently been worked out by the authors. Oi these, the

estimaiion ol alizarin on dyed cotton fabrics is particularly

interesting, and -,vili very probably be ex :ensively employed.

CORRESPONDENCE.

SOLDERING FLUXES.

To the Editor of the Chemical News.

Sir,— I beg to inform you that I am in receipt of a com-

m.jtiicatioii from the United States v;hich reads as

follows :

—

We are manufacturers of Nokorode soldering flux, in

which we do a very large business, both domestic and

export. We desire to get the fullest possible informa-

tion to enable us to judge the possibility of establishing

a profitable trade with your city and vicinity. The

main points on which we wish you would lurnish us all

possible details are as follov/s :
—

Is the market a large and favourable one for soldering

fluxes ?

%Vhat is the approximate volume of business done

th-re in this line ?

What class ot flux is in most common use, liquid,

dry Of paste, acid, resin or resinous ?
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CI.CO CH^CO CHj.CO CH., which 19 readily trans-

foimed into phlocoglucine, losing a molecule of hydro-

chloric add under the action of marble. The constitu-

tion of pbloroglucine is thus veriBed and an easy method
of passing from f&tty to aromatic compounds is provided,

li seems probable that the syntheri-. cm be generalised.

MISCELLANEOUS

Koyal Institution. —.\ Oenetil Monthly Meeting of

the .Members of the Royal Institution was held on the 3rd

inst., Sr lames Crichton Browne, M.D., LL.D., F.R.S.,

Treasurer and \'ice President, in the Chair. The Chairman
reported a bequest of /,30(i from the late Dr. T. Lambert
.Mears, who was a Member of the Institution foi fifty

three years, and a donation of £^0 from " An Old Member "

in celebration of his fiftieth year of membeiship. Mr.

A. J. Walter, K C, was elected a Manager to fill the

vacancy caused by (he death of Sir Charles Norris

Nicholson, Bt., M.T.

Royal Institution.— Next Tuesday, February iS, at

3 o'clock, Captain (1. P. Thomson will give the fitst of

two lectures at the Royal Institution on " .Veroplanes in

the Cifeat War." On Thursday, February 20, Prof.

H. M. I.efroy will give the first of two lectures on " Insect

F.nemies of our I'ood Supplies"; the second, on Thuis
day, I'ebruary 27, on " How Silk is Grown and Made.'
The Friday evening discourse on February 2t, at 5.30

o'clock, will be delivered by .Mr. A. T. Hate on "Clock
Fscapjnien'.s" ; on February 2.S, by Prof. J. A. McClelland

on " Nuclei and Ions." On .Saturday, February 22, at

3 o'clock, the Hon. J. W. Fottescue will gi\e the fitst ol

Iwo lectures on " The Empire's Share in England s Wars.
"

MEETINGS FOR THE WEEK.

Monday, 17111.—Uoyal Society of Arts. 4.30. " Scientific Problems of

I'.Iectric Wave Telej^raphy." by Dr. J. A. Flemin^^.

Tt'ESDAV, i8lh.— Koyal Institution, ^. " The Devclo|iment of Aeru
planes in the Cireai War," by Capl. G. P.

Thomr>on, M.A.
^— Insiittitinn of Petroleum Technoloj^ists, 5.3^- "I'hc

Financinj; of Oillields," by M. Summers.
Wednesday, i^tb.—Koyal Society of Arts, 1.30. " Use of Electricity

in A);ricuUure in Germacy," by J I'. Crowlex

.

TMi;R3DAY,i;nth.—Royal Institution, 5 "Insect Enemiesof Our Food
Supplies," by Prof. H. Maxwell Lefroy.

—

—

Royal Society, .\ y^. "The Metabolism of the

fihicosidcGOf the Arbutin Group," by |. Oufrenoy.
' bentai Chanues in the Teeth of the Guinea pig

produced by a Scorbutic Hiet." by S S. Ziua
and 1.. M. Wells. *' .\ew Factor in the Mechanism
of llacterial Infection," by W K. Bullock and
W. Cramer. "Distribution of the SctoloRical

Types of B. letant in Wounds of Men who re-

ceived Prophylactic Inoculation, and a Study of

the Mechanism o; In ectioa in, and Immunity
from Tetanus," by Maj.»r \V J.

TuDocb.
t hemical Society, S.

FFiDAV.sist.- -Royal Institutn.n. 5.30 "Clock Iiscapemenis," by

A. T. Hare. M.A.
SMtTRDAY. 22nd. Ro\al Instiiution, 3 "The Empire's Share in

i;ni;laods\Vars -Western Empire,*' by The Hon.

J. W. Fortcpcne.

Experienced Research Chemist and Analyst,
with excellent Laboratory faciliiics in City, is now free to

undertake UP.SEARCHES connected wita the manufacture of

CHEMICALS. INTERMEDIATES, DYES. .S:c. : also the I'tilisa-

tion of WASTE PKODl'CTS and all classes of ANALYSIS.—
" Laboratory," 7, S, Jt 9, Bolt Court, Fleet Street, London.

Wanted, one Siemens and Halsk HYDKO-
Ml-^TER, New or Secondhand. State full particulars, con-

dition, price.— Address, "Hydrometer," Wm. Portcous and Co.,

Advertising Agents, Glasgow.

FRANCE (Bordeaux and Sl*d.Ouest).—
ReprcBcntat'.ons wanted by French Einitnccr Chemist of Rood

fums {for Chemical Producisi, Chemical Machineries, Chemical

Apparatus. New Proc* sses).- Address TKVSsip.Rf3Ci,Cour8 Balguerie.

Pordeaur.

A Discharged Soldier seeks situation as Works
* *• Chemisr, or Laboratory* Work, praciicaJ and theoretical experi-
ence- Good iC3timonial3.—Address. 1). S.. Chbmical News Office,
ifi. Newcaaile Street, Farringdon Street, London. EC 4

A nalytica' and Consuilinfj Chemist. M.Sc,
* A I.e. (Food and Druss). will buy eKistini* Practice or puichase
Partnership wiih view to extension —Address, Box 135, W. H. Smith
and Son Kingsway, London, W.C. 2,

Analytical Chemist with considerable experi-
* * encc. just released from Government woik, wishes for a Position
with an established firm, and would also consider Partnersh'p with
same or with Chemist who has had previous experience in Private
Practice Work with view to opening out.— Address, " Analy ical/"
Chtmicai. News OfTice, 16, Newcastle Street, Farringdon Street.
London, EC. 4.

A ssistant Works Manaj^er seeks progressive;
* * Position with Chemic'l Firm. Fully qualified Chemist. Twelve
years* very varied Woiks evpcrienie Good Knowledge of Engineering.
Accustomed to administration. -~ .\ddrcE3, A. W, Che.micvl Nfws
Office, 16, Newcastle Street. Farringdon Street, London, E.C. 4.

rMiemist (25), ex-Army N.C.O. (1915-16),
^-^ desire*; Appointment at h.^me or abrn.id in Works or Labora-

J XT^^^,.., 'I' 1 . u_tr™ - J w-.i. Ill

. Nkws Office, in,

I IV. Can control labour; good Analyst. Two and a-half years in
larf^c G')\ernment Faciory,—Address, H., Chi \iical

*' —
\ewca:;tle Street, Farringdon Street. London. E.C. 4

(^hemist for Works Laboratory, with experi-
^^ encc in the 1' lectrolytic Analysis of Copper Alloys. The vacancy
oilers e.vcellent opportunities for an ambitious man with on aptitude
f ir ICnfiineering. Applicants should be between twenty and twenty-
live years of a^ie. Slate age and evperience.— .\ddrcss, " Klectroiytic."
Ciii:Mir\i. Nfws Onice, 16. Newcastle Street, Farringdon Street,
London, EC. 4.

C'HEMIST.—Well qual.fied to conduct Or-
Vy sanic Research Work in a London Factory Laboratory. State
o'^-z, experience, and salary required. — .\ddress, " Invcstigato ,"

Chemical Nbws Office, 16, Newcastle Street, Farringdon Street, Lon-
don, E.C. 4

j_7x-0iT!cer, disabled, four years experience of
^—^ .\nalysis, including Foods and Drugs, requires responsible
Position.—Address. \. O, CiiiMic\t. New-- Office, 16, Newcastle
Street, Farringdon Street, London, ICC. 4.

Inter. B.Sc. requires post in Chemical Works
* or Labo'ator>'. in or near London. Lately demobilised aa student
Address, W. G. 11., 7, Livinf;stone Road, Clapham lunction

SAV. 11.

T ondon Honours (iraduate, A.I.C., twenty
*—^ years* e.vpcrience FoodstuO's, General .\nalysie, and Bacteri-
ology, now supervisinti Works Laboratory, desires responsible pro-
gressivi: Post where energy and initiative uill meet with recognition.
—.\ddress, L. H., Cufmh ai. Ni us Office. 16, Newcastle S'reet, Far-
ringdon Street, London, ICC. 4-

equired for Works Laboratory (ten miles
North of London) —

One Works Chemist, to have charge of all Routine Testing
;

One Junior, aged iT-ig, must have matriculated wiih Chemisirv as
subject.

One Senior Analyst, foi General Analytical Work;
One Junior Analyst, for General \nalytical Work :

One I'rocess Chemist, for ^;eneral Process Investigations.

The work will be almost entirely Inorganic in character. .Applicants
must be accurate workers and ba^c had sound experience. University
trained men preferred. Gi\'c full particulars and state salar\' requred.—
Address, N.L. 10, Cnr\iii ai. News Office, 16. Newcastle Street, Far-
ringdon Street, London, i;.C. .\.

n^rained Research Chemist, with Works ex-
^ periencc, seeks Employment wi'h Manufacturing Firm; or

would make gook Assistant to Private Investigator. London Degree
;

two languages; microscopy,—Address, T. K .Chkmicau News Office^
I'i, Newcastle Street. Farringdon Street, London, ICC. 4.

R

W
I.ondo

orkŝ Chemist wanted by Fine Colour,
Paint, and Chemical Manufacturers in country district near

in. Applicants must be under thirty, capable of training and
IlitiiT Clival) nimtK<>r rif />rvi t il/ti.flne •inil liACAmfn.! lUn a:,!!.! U j

_ -- ,. iiiuai uc uiiuci iiiiiiy, Lii{>(iL)ic CM iraining anu
controlling email number of empioyies and becoming the right-hand
of energetic Managing Director lousiness as well as Scientific ability
essential. Salary /"asoand commission. State qualifications, e\reri-
encc, Aic.—Address, " Paint." CntMicAL Ni-:\\s Office, 16, Ncivcastle
Street, I'"arringdon Street, London, li.C.

V\Tocks Analytical Chemist required. One
' ^ convortiant with Soap Manufacture, Nicotine E\traction9, and

.\gricultural and Horticultural Preparations. State full particulars
and salary required.— .\ddres9, W. A . CuFMirAL Nbw<; Office, 16,
NeurasUe Street, FarrinpJon Street, London, EC 4.
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THE CONCEPnON OF THE CHEMICAL
ELEMENT AS ENLARGED BY THE STUDY

OF RADIOACTIVE CHANGE.
By FREDERICK SODDV.

The Council of the Chemical Society have honoured me
with the invitation to deliver one of three lectures bearing
on the ultimate constitution of matter, and I accepted the
Invitation in my desire to show how greatly I appreciated
it rather than with any prospect of being enabled, when
the time came, to say anything on the subject which has
not already been said before. The problem of the ultimate
constitution of matter belongs to another world than that
through which for the past four years we have been living,

and although hostilities have at length ceased, and we
may look forward to an opportunity of resuming in the
future the thread of our philosophical investigations,
philosophy herself is not so easily to be resumed. Novel
in one sense as are the ideas introduced into the concepts
of physics and chemistry by the study of radioactivity,
[our years' interrupiion has made them appear rather as a
remote h storical accomplishment than as a contempora-
neous development. Although no longer new, however,
the more as the subject matures does it become apparent
that these advances are of fundamental and increasing
importance to the chemist.
One would perhaps have expected that on the first and

most fundamental conclusion arrived at in the study of
radioactive change that the change is of a transmuta-
ional character, involving the spontaneous disintegration
3f the radio-element into others, it would have been the
ihemists who would have been most deeply interested, and
vho would have weighed the evidence and pronounced a
lecision. Yet judgment on the view, which was put for-

vard more than fifteen years ago, on evidence in my
ipinion even then deserving of serious consideration,
ilthougb accepted and universally adopted by the workers
n the subject and by physicists, has gone by default so
ar as the majority of chemists are concerned. From the
irst, much of the most important evidence has been of
1 singularly simple and convincing chemical character.

The Trantmutational Character of Radioactive Change.

If a chemist were to purify an element, say lead from
ilver, and found, on re-examining the lead at a later date,
bat silver was still present, and, again and again, re-

eating the process, frund always that silver, initially

bsent, reappeared, would he not oe forced to conclude
liat lead was changing into silver and that silver was being
roduced by lead ' It is because of the absence of evidence
f this kind that the doctrine of the unchangeability of the
lements has grown up. One positive example of the kind
1 question and that doctrine would be at an end. I'he con-
lusion to which in 1902 Sir Ernest Rutherford and I were
arced with regard to (be element thorium was based on
vidence of this direct and simple nature. By simple
urification, by chemical and physical means, constituents
ssponsitle for the greater part of the radio-activity of
lorium can be separated, and as often a« they are sepa-
ited they are regenerated at a perfectly definite and
sgular rate. 0ns of these constituents, the emanation,
gaseous, and it can be separated from the thorium by
more elaborate means than by a puff of air. Certainly

le actual quantity of thorium emanation is infinitesimal,

' A I.*:ltire deliveied b«fore th« Chemiol Society, Decsmber 19,
tl.

but this did not binder its complete chemical characterisa-
tion, for it was found to pass unabsorbed through every
rtagent tried, one or other of which would have absorbed
every known gas with the exception of the gases of the
argon family. The conclusion that the thorium emanation
was a gas of the argon family produced by thorium, later
extended to the similar gaseous products of radium and
actinium, was a purely experimental conclusion reached
before any theory whatever as to the nature of radio-
activity had been advanced.
Another constituent responsible for part of the radio-

activity we called thorium A'. It is left in the filtrate
when a solution of thorium is precipitated with ammonia,
although not when the thorium is precipitated by other
reagents, such as sodium carbonate or phosphate. After
this removal, however, thorium-.V re forms in the thorium.
Moreover, it is thorium .Y, not thorium, that produces the
emanation. The latter in turn produces fhe non-volatile
active deposit, in which the successive products, called
thorium-^, -B, C, and -D, are now recjgnised. The
false interpretation of a similar phenomenon in the case of
radium, before the radium emanation had been recognised,
let to the view that inactive matter could be rendered
temporarily radio-active by " induction," throtjh contact
with or association with radioactive matter. In the case
of thorium, the discovery of the chemical character of the
thorium emanation rendeied the nature of the pbeno
menon clear almost from the first.

This, taken in conjunction with the atomic character of
radio-activity, recognised by Mme. Curie from the stait,
and with the fact that the law of radio active change
proved to be the same as the law of unimolecular reaction,
made the conclusion that the radio-elements were
undergoing a series of successive changes, in which new
elements are produced, of chemical and physical character
totally distinct from those of the parent element, the only
one capable of explaining the facts.

Novel and unexpected as it was to find transmutation
spontaneously in progress among the radio-elements, the
phenomena this explanation explained were equally novel
and transcended what to a generation ago would have
appeared to be the limits of the physically possible.

It is to pay chemistry a poor compliment to represent
this conclusion as in any way contrary to the established
foundations of chemistry. If it had not been for the
correct conception of the nature ol chemical change, the
clear distinction between atoms and molecules, and the
conclusion that in all changes in matter hitherto studied
the element and the atom of the element remain essen-
tially unchanged, which we owe to the founders of
chemistry, the character of radio activity wjuld not have
been arrived at so quickly. On the other hand, if radio-
activity had not been almost instantly recognised as a case
of spontaneous transmutation, then, if you will, there
would have been something radically wrong with chemistry
and the training it affords in the elucidation of the meta-
morphoses of matter.
With regard, however, to the various claims that have

been made since that transmutational changes can be
artificially effected, by the aid of the electric discharge in
gases or the rays from radium, I have always regarded the
evidence in this field as capable of simple alternative ex-
planation. Different investigators have obtained entirely
opposite results, and there is not that consensus of evidence
one finds among those who have investigated radioactive
change.

In another direction there has been a tendency to under-
rate the unique and unparalleled phenomenon of radio-
active change, and to connect what is entirely and solely
a development of the new experimental science of radio-
activity, with the somewhat older isolation ot the electron
and the electronic hypotheses of the constitution of matter
to which that discovery have given rise. For example, Sit

J. J. Thomson in bis Romanes Lecture, 1914, says

:

" Since the electron can be got from all the chemical
elements we may conclude that electrons are a constituent
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o( all the atoms. We have thus made the first step

towards a knowledge of the stiucture of the atom and

towaids the goal towards which since the time of Prout

many chemists have been striving, the proof that the

atoms ol the chemical elements ate all built up of simpler

atoms—primordial stoms, as they have been called." The
removal ol electrons from matter occurs in physical,

chemical, and radio active changes alike, exanipled, respec-

tively, by the electrification ol a glass tod by friction, the

ionisalion of an electrolyte by solution, and by the /iray

change of radio-active substances. It is only in the latter

case, however, that the electron can be regarded as a

primordial constituent and the change as transmutational.

Even today it is in radio-active phenomena, and in these

alone, that the limits reached long ago in the chemical

analysis of matter have been overstepped, and the Rubicon,

which a century ago Prout vaulted over so lightly in

imagination, has actually been crossed by scienue.

First and Second Phases of Development,

Looking backward to the first recognition of the

character of radio-active change in 1902, it is po s b'e to

distinguish broadly two phases. The first phase, concerned
mainly with the disentanglement of the long and compli-

cated series of successive rhanges, commencing v/ith the

two primary radio elements uranium and thorium, and
including ultimately all the known radio-elements, added
little to the conceptions of rhemistry beyond the dis-

turbing fact that the radio-elements, although in

every other respect analogous to the ordinary

elements, are in process of continuous transmutation.

But in the second and more recent phase of radio

active change, the study of the chemical chiiracter of the

success \e products and the law connecting this with the

type of ray expelled in the change, the discovery of

elements with different radio-active but identical chemical

character, the recognition of these as isotopes, or elements

occupying the same place in the periodic table, and the

interpretation of the significance of the periodic law, con-

ceptions are arrived at which are not merely novel, but

upsetting. In this phase, an aspect of the ultimate con
stitution of matter has been revealed that, although well

within the scope of the conceptions of elements and atoms
which we owe to the nineteenth century, nevertheless has
totally escaped recognition. I am not much concerned
with definitions, but I think the Chemical Society might
nafely ofTer a prize of a million pounds to any one of its

members who will shortly and satisfactorily define the

element and the atom for the benefit of and within the

understanding of a first year student of chemistry at the

present time.

Chief Features of Radio-active Change.

The features that distinguish radio-active change from
chemical change, and which have made it possible in a few

short years to reduce to some degree of finality and com-
pleteness the intensely complicated series of sacceSEive

changes suffered by the elements uranium and thorium in

the couise of their di-ir.tegration, are chiefly two. In the

fifst place, the whole phenomena are inevitable, incapable

of being changed or deviated from their allotted course by
any means whatever, independent of lempernture, concen
tration, or the accumulation of products of reaction, the

presence of catalysts, irreversible, and capable of being

accurately and quantitatively followed without alteration

or disturbance of the changing system. The mathematical
theory, although for many successive changes it becomes
combrous and unwieldly to a degree, involves only the

solution of one differential equation by a device quite

within the compass of anyone possessing a knowledge of

the tare elements of the calculus to employ. The second
feature is the magnitude of the energy evolved, which,

weight for weight of matter changing, surpasses that

evolved in the inost exothermic chemical changes known,
from one hundred thousand to a million times. Mani
tested in the form of raye, by their fluorescent, photo-

graphic, or ionising power capable of being put into

evidence in almost inconceivably minute amount, changes
are capable of being followed, and by the electroscope
accurately measured, which would conceivably require to

continue tor millions of years before they could be experi-

mentally detected by chemical or even by spectroscopic

methods. The disintegration of the single atom ie ascer-

tainable, for example, in the spinthariscope of Sir William
Crookes, where each of the scintillations separately Vl^ible

is due to the impact of a single a paiticle on the zinc sul-

phide screen. On the same principle, methods have been
developed and are in regular use for counting the number
of atoms disintegrating per minute, whereas to the spectro-

scope at least 3 loU atoms as a minimum must be present,

23,000 times as many atoms as there are human beings
alive in the world, before any element can be so detected.
By the most curious compensation, almost of the nature
ol a providential dispensation which some may have found
difficult to believe, the quantity of matter of itself is not
of importance in investigating radio active change. The
methods depend on the rate of emission of energy, and
this is proportional to the quantity ot the changing
element multiplied by its rate of change. In the disinte-

gration series, the various members accumulate in quanti-
ties inversely proportional to the rates of chnnge, and so
it comes about that all changes within the series are
equally within the scope of the method whether, as in the
case of the parent elements, they involve periods sur-

passing the most liberal estimates of the duration of

geological time or, as in the case of the C members, are
estimated to run their course in a time so short that light

itself can travel but a very few millimetres, before the
next change overtakes the changing atom.
The condition of radio-active equilibrium in which the

quantities of the successive products assume the above
stationary ratio is of course entirely different from
chemical equilibrium, and is the condition in which for
each member of the series except the first as much is

produced as changes further in the unit of time.
The foregoing applies so long as the changes continue.

When they are finished and it is a question of ascertaining
the ultimate products, the task may be likened to that of
searching for a meteor which a moment before lit up the
heavens and now has vanished into the night.

The Ultimate Products.

It is a matter for surprise that in all radio-active changes
so far studied there appear to be only two ultimate pro-
ducts, helium and lead, the former constituting the
a-partides and the latter being produced both by uranium
and thorium, withal, as we now know, not the same lead
in the two cases. There are sufficient experimental
reasons for doubting v.'hether the disintegration of an
atom into more nearly equal parts would be within range
of detection by any of the known methods. A heavy
atom like o.xygen, for example, if expelled as a radiant
particle, might not attain sufficient velocity to ionise

gases, or, even it it did, the range ovti which the ionisa-

tion would extend, as we know from the ionisation pro-
duced by the recoil atoms, would be extremely small. It

must be a matter for comment, however, that hydrogen
never appears in these changes, as, if it were produced,
it would almost certainly be as easy to ascertain as helium.
It has always seemed to me a possibility that some genetic
connection may exist, after all, between thorium and
uranium, although I have never been able to frame even a
possible mode of so connecting these two elements. With
a difference of atomic weight of six uniis, it is impossible to

pass from one to the other by addition or expulsion of
helium atoms alone

Both with regard to helium and lead, the composition
of radioactive minerals gave the first clue to the identity

of the ultimate products. After the discovery of radio-
activity and the elucidation of its nature, the fact that
helium was found only in minerals containing uranium
and thorium assumed a totally new interpretation, borne
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out by the spectroscopic proof of the production of helium
from radium by Sir William Rimsay and myself, and later

from actinium, polonium, and even from uranium and
thorium, all at the rates to be expected from radio-active

data. The identification of the a particle v/itb helium,

after the weight of the a-particle had been shown by new
physical methods to be four times that of the hydrogen
atom, was accomplished by enc'osing the radium
emanation in a glass tube thin-walled enough to allow the

a-particle to go through, but perfectly impervious to the

passage of gas. In these circumstances, helium in

spectroscopically detectable quantity was proved by
Rutherford to make its appearance outside the tube.

Such confirmations by the spectroscope, welcome and
gratifying as they are, are nevertheless in a sense sub-

sidiary to the main problem, namely, the task of unravel-

ling the complicated series of changes into its individual

steps, and the characterisation by their radio-activity of

the several intermediate members of the scries, such as by
the determination of their periods and the physical con-

stants of the radiation a-, d-, or y-, to which they give

rise. The determination of their chemical character,

although equally important, was only later fully accom-
plished.

The Radiations,

In the successive radio-active changes, a- or /5-particles

are expelled, one a-particle per atom disintegrating for

each change, although for the /3-particles our knowledge
is less exact. In some cases, certainly, although these are

exceptional, $ particles seem to be expelled along with

a-particles. The a particle is an atom of helium charged
with two atomic charges of positive electricity, or, as we
should now say, is the helium nucleus, deprived of the two
electrons which are combined with it in the helium atom.
The 8 particle is the negative electron, and when expelled

with sufficiently high velocity is accompanied with 7-rays.

The latter are -V-rays of exceedingly short wavelength,
varying from i'3 to ci Angstrom units. The shortest

wave-length so far resolved by the crystal reflection

method is 0072 A. in the spectrum of the 7-ray8 of

radium-C. Ishino and Rutherford have recently con-

cluded, however, that the main 7'radiation of radmm C
must have a wave-length lying between 002 and 0007 A.
{Phil. Mag,, 1917, [vi.], xxxiii., 129; xxxiv., 153).
A connection exists between the speed of the change

and the speed of the paitides expelled, and the more rapid

the change the faster in general and the more penetrating

are the attendant a- or /3-particles. In the case of the

a-particle, an empirical logarithmic relation, known as the
Geiger-Nuttall relation, enables us to calculate approxi-

mately the period of the changing element from the

velocity or range of the a-particle, and vice versa, and by
this means periods too long or too short to be directly

measurable have been estimated. In the case of the

^tays, no definite quantitative law has yet been made
out, but it is clear that i simUar relationship must exist.

One of the important corollaries is that changes murb
slower than the slowest known, namely, those of uranium
and thorium, would probably not be detectable, as, even
were a- or ^particles expelled, they would be of too
low velocity probably to ionise gases or show fluorescent

or photographic actions. Indeed, for mesothorlum/ and
actinium this appears to be the case. No detectable
radiation is expelled, although the products conform to

what would occur in fl-ray changes. The period of both
substances is long, and it is probable that the 3-patticle is

expelled, but is undetectable by ionisation methods. For
the slowest d-ray change, that of radium-D, with a period
of twenty-four years, the t5-radiation is of such low
velocity as to be only capable of detection by special care,

and is far less penetrating than average a-rays. These
facts serve to show that changes may be going on in the

non-radio-active elements which at present are beyond
experimental means of detection.

(To be continuedl,

THE PREPARATION OF ORGANIC
STANNO • AND STANNI . CHLORIDES.
Part II.—Salts of the Arsmatio Amines.

By J. G. F. DRUCE, B.Sc.

Reduction of aromatic nitro-compounds with tin or
stannous chloride and hydrochloric acid in the laboratory
method of preparing aromatic amines yields double tin
haloids as intermediate products.
These compounds are now found to be identical with

the stanno- and stanni-chlorides obtained from mixed
solutions of amine hydrochloride and the tin chlorides.
The double salts previously described have invariably
been prepared by the latter method.

Slagle {Am. Chem. yourn., i8g8, xx., 633) has isolated
two aniline stannocfelorides, CeHj.NHi.HSnCI^.HaO and
(CeHj.NHj j,H2SnCl4, from the constituent chlorides.
The former, containing a molecule of water of crystallisa-
tion, is found to be the less soluble of the two, and has
been isolated pure as the first crop of crystals from solu-
tions containing one molecular equivalent of aniline
hydrochloride and of stannous chloride. The salt,

(C6H5NH2)2,HiSnCl4, sometimes crystallised from the
filtrates of the above, and always resulted fri n solutions
containing twice the above proportion of aniline. Slagle
{loc. cit.) also states that 0- and p toluidine hydrochlorides
form double salts with stannous chloride, viz.,
C7H7.NH2,HSnCl3,JH20 and /'(C7H7.NH2)jH2SnCl4.

The latter has been obtained, but attempts to prepare the
former have only led to the isolation of a compound
identical in composition with the ^-salt.

Stannichlotides of 0- and ^ toluidines have been
obtained with one molecule of water of crystallisation,
(C7H7NH2la,HjSnCl6,H20. They were obtained by the
reduction of the nitrotoluenes with tin and hydrochloric
acid, as in the preparation of aniline stannichloride from
nitrobenzene (Chemical News, igi8, cxvii., 346). An
toluidine salt, 3C7H7.NHj,SnCl4,3HCl,3H20', was ob-

tained from concentrated solutions of the constituent
chlorides, but not by reduction of onitrotoluene.

/i- Toluidine stannichloride has also been prepared by
adding chlorine water to solutions of the stannochloride, but
the resulting product was not very pure. The o-toluidine
salt could not be prepared in this way. The conversion of
stannochloride into stanni salt by chlcrination seldom
gave a pure product in the case of the aromatic amine
compounds.

Methylaniline formed a stannochloride,

—

C6H5.NH.CH3,HSnCl3,

and a stannichloride, (C6H5.NH.CH3)2,H2SnCl6, when
mixed with hydrochloric acid solutions of stannous and
stannic chlorides in the proportions required by
these formulae. Dimethylaniline similarly gave salts
(C6H5.NMe2)2,H2SnCl4and(CeH5.NMe2)2,H2SnCl6. The
slannichlorides of these two bases can also be obtained by
oxidation of the stannochlotides with chlorine water, but
the salts so prepared were never pure, being always more
or less deeply coloured, whereas the salts derived from the
mixed chlorides were always quite colourless.

The reduction of m- and /nitroanilines with tin and
hydrochloric acid has yielded the phenylene diamine
stannochlorides. The course of these reductions is in-

dicated by the equation

—

NH2.C6H4.N02+ 3Sn-fSHCI =
= C6H4(NH2)2,H2SnCl4-f2SnCl2-l-2H20.

When stannous chloride in hydrochloric acid was
used as the reducing agent the phenylene diamine stanni-
chlorides were produced :

—
NH2.C6H4.N02-f3SnCl2-t-8HCI =

= C6H4(NH2)2.H2SnCl6-l-2SnCl4-(-2H20.

m-Dmitrobenzene has been successfully employed in

the preparation of m-phenylene diamine compounds,
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identical with those from »i nitroanillne. o-Nitroaniline

(iid not yield the cottespondng diamine salts, the crystals

obtained from solutions which were expected to yield the
double salts were found to be devoid of tin.

The m- and /t-phenylene diamine talis p:epatcd from the

bases and hydrochloric acid solutions of the two chlorides

of tin were never pure, and were always deeply coloured.
Recrystallisation did not tend to give purer products in

this case.

Hayes (yourii. Am. Chem. Soc, 1902, xxiv., 360)
describes the preparation of pyridine stannochlotide, to

which he assigns the formula C5H5N,SnCl2,3HCl. A
compound having this compcsitioii has been isolated by
following the procedure he recommends. This salt, like

the o-toluidine compound (C;H-NH3)3SnC!7, is an ex-

ceptional double haloid of tin and organic base.

At the end of their paper on stannisulphocyan'des,
Weinland and Baines '/eit. Aiwr^. Chc'tn., igog, Ixii.,

250) mention that they obtained pyridine stannichloride

as a precipitate on adding the base dissolved in hydro-
chloric acid to a solution of stannic chloride. This salt

has also been prepared by the chlorination of the stanno-

cbloride.

Among the compounds of quinoliire with metallic

chlorides which Borsbach prepared (Her., i8go, xxiii.,

431), C,H7N,HSnCl, and 2CqH;N,SnCli,2HCl were ob-

tained Irom stannous and stannic chlorides respectively.

These salts have been obtained by following his methcid,

and the stannichloride was also prepared by chlorination

of the Etannocbloride.

By adding quinoline to solutions of various metal salts

Borsbach {loc. cil.) obtained a pap, which, in the case of

the two chlorides of tin, dissolved in hydrochloric acid,

giving the stanno- and stanni-cblorides of the base. It

has been found that addition of other bases {e.g., aniline,

pyridine, and the methylanilines) produce similar paps
with stannous and stannic chloride solutions, and also

when aniline was shaken up with crystalline stannic

chloride, SnClj.sH^O, a similar product was formed.
When hydrochloric acid solutions of the amine stanno

chlorides were left exposed to the air, oxidation to stanni-

chlorides slowly took place. Sometimes this was accom-
panied by a darkening in the colour of the solution.

Most of these double chlorides of tin and organic bases
hydrolysed readily, with deposition of a white gelatinous

precipitate when treated with water. Ethylamine and wi-

phenylenediamine stannochlorides, and pyridine stanni-

chloride, for example, hydrolysed immediately when the

crystals were shaken up with cold water. On the other

hand, some salts like o-toluidine etannocbloride and
methylaniline stannichloride required to be boiled with

water in order to cause the formation of a precipitate.

AiiiltHe Stannochlorides,

(a) C6//5 yiiz.IISiiCl,,UzO.—Thh salt, containing
water of crystallisation, has been prep:^red by dissolving

10 grms. of aniline hydrochloride in luo cc. of dilute

hydrochloric acid, and adding a solution of 17 3 grms. of

crystalline stannous'chloride in 120 cc. of dilute acid. On
concentration the m xrd solutions yielded long pale
yellow prismatic crystals which dissolved slowly in cold

water, but readily in hot, the STiutions becoming turbid

unless a few drops of hydrochloric acid were added to

prevent or retard hydrolysis. When heated this salt

melted at 105' with decomposition. On analysis

—

0-2782 grm. gave 03538 grm. AgCl ; CI = 3i-48 per cent.

0-4631 grm. gaveo-2o6g grm. SnOz ; Sn = 35i9 per cent.

CoHsNHj.HSnClj.HiO requires Sn - 35-23 and
01 = 31-51 per cent.

(b) (Celli NUiji.IliSnClt.—Twice redistilled aniline

(g 3 grms.) was added to a solution of 11-3 grms. of

stannous chloride dissolved in 150 cc. of dilute hydro
chloric acid. The mixture was warmed for some minutes
and on cooling it deposited white pearly plates, which wer

hitired off, drained at the pump, and finally dried between
sheets of bibulous paper. This salt was more soluble than
the above stannochlotide, and was slightly hydrolysed in
aqueous solution at 35*. A thick gelatinous precipitate
r«salted when a 5 per cent solution attained a temperature
of 70*. The substance melted at 160*, and when rapidly
heated began to decompose at 2ig''. If carefully heated
above the melting-point the salt gave a white sublimate,
which on examination proved to be aniline hydrochloride.
The residue was very dark. When the salt was analysed

—

0-5166 grm. gave 0-1743 gim. SnO^ ; Sn^26 5S percent.
O'^i'Slgf'n- gave 0-8066 grm. AgCI ; CI = jr-6o per cent.

(CeHjNHjli.HjSnCI, requires Sn = 26-52 and 01 = 31-58
per cent.

Dilute hydrochloric acid solutions of this salt when
exposed to the air were found to oxidise, and on con-
centrating the oxidised solutions crystals of anhydrous
aniline stannichloride were deposited. The solutions
failed to give a precipitate with mercuric chloride solu-
tion, indicating the absence of stannous salt. In one case
6 grms. of stannochloride in 100 cc. of dilute acid were
completely oxidised to stannichloride on exposure for
four days.

Aiiilitie Slaunichlorides. (C6H5NHj)i,HiSnCl5,3H20
and (CeH.NH^h.HaSnCle, ni.p. 2g3°.

These have been obtained from hydrochloric acid solu-
tions of amine ana stannio chloride, and from nitro-
benzene, iVc, by reduction -vith tin or stannous chloride
in hydrochloric acid (Chemical News, 1918, cxvii., 346).

a-Toluidine Stannochloride, (C7H;NH2)5,H2SnCl4.
A hydrochloric acid solution of two molecular propor-

tions of base and one of stannous chloride was warmed on
a water-bath for an hour. Fine silky needles were
deposited on cooling. These were filtered oPi, drained,
and dried. They dissolved easily in cold watei, the solu-
tion remaining clear unless boiled. When heated the salt
melted at 164". On analysis

—

0-5174 grm. gave 0-1627 grm. SnOj ; Sn = 24-77 pet cent.
0-2651 grm. gave 0-3202 grm. AgCl ; Cl = 29 Sgper cent.

(C;H;.NH2)j,HjSnCl4 requires Sn = 24 -go and CI -=29 75
per cent.

o- Toluidine Stannichloride!.

(n) (C-H~.^H2)t.Il2SnCh,HzO.—Th\i salt has been
prepared by reducing 6 grms. of o-nitrotoluene with 7-5
gims. of tin. Concentrated hydrochloric acid was added
in small quantities until 50 cc. had been introduced into
a round flask containing the mixture, which was then
heated for an hour under a reflux condenser as in the case
of the corresponding aniline salt (loc. cit.). Four grms.
of o-toluidine were added to the reduction product to
combine with the excess of stannic chloride. On heating,
the very pale pink short needles which were obtaineii
began to decompose at 210°. On analysis—

0-5063 grm. gave 01345 grm. SnO^ ; Sn = 20 g2 per cent,
o 2730 grm. gaveo-4ii8 grm. AgCl ; €1 = 37-33 per cent.

(C;H;).NH2)j,H2SnCl6,njO requires Sn = 2i-oi and
01 = 37 64 per cent.

(b) {CrlhNIl2)iHiSnC!-,2H,0.-o-To\mdine (4-3
grms. and stannic chloride (35 grms.) were dissolved
together in 80 cc. of dilute hydrochloric acid, and the
solution was concentrated and allowed to crystallise.
The crystals were isolated and dried in air between sheets
of bibulous paper, and on analysis were found to corre-
spond with the above formula. When heated they
melted at 92^.

1-1892 grm. gaveo 24gi grm. SnOj ; Sn = 16-50 per cent,
o 4065 grm. gave 0-5612 grm. AgOl

; CU34-17 per cent.

(0;H7.NH,)3,H3SnCI-,2lIiO requires Sn- 16-33 and
01 = 3414 per cent.
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p Toluidine ^lannoclilonde, (C;H7 NHjjj.K^SnC'^.
/i-Toluidine (5-35 grrns.) and stannous chloride (5-65

gims.) were dissolved together in 100 cc. of dilute hydro-
chloric acid. The solution was conceiit.ated, and gave
nearly colourless flaky crystals which were isolated.
Wnen heated these melted at 239^ The salt dissolved in

water, giving a clear solution which required heating before
becoming hydtolysed. On analysis

—

o'4025 grm. gaveoi27» grm. SnOj ; Sn = 25-02 per cent.
0-2581 grm. gave o 3081 grm. AgCI ; 01 = 29-57 pet cent.

(C7H7.NH2)i,H2SnCl4 requires Sn = 24-90 and CI = 29-75
per cent.

p-Toluidiue Stannichloride, (C7H7.NHj)2,H2SnCl6,H20.
/•Toluidine (5-35 grrns.) and stannic chloride (887

gtms.) were dissolved together in 130 cc. of dilute hydro-
chloric acid by warming, and on standing overnight pale
pink needle prisms separated out. These were collected,
and another crop was obtained from the mother-liquor by
further concentration. Both specimens melted with
decomposition at 298'^ and dissolved readily in cold water
to a clear solution.

The stannichloride has also been obtained from a solu-
tion of 5 grrns. 01 the stannochloride in 30 cc. o( dilute
hydrochloric acid by slowly running in chlorine water
until the reactions for stannous tin were no longer
observed. When the resulting solution was concentrated
on a water-bath and then cooled, nearly colourless crystals
resembling the above were obtained.

Reduction of f-nitrotoluene (7 grms.) with tin (ig grrns.)
and concentrated hydrochloric acid (80 cc.) produced a
dark brown solution. The colour was considerably
diminished on dilution with 150 cc. of dilute hydrochloric
acid and warming with about 10 cc. of stannous chloride
solution. The liquid was filtered, and 10 grms. of p-
toluidine were added to the filtrate, which was then
warmed until it became quite clear and almost colourless.
On cooling pale crystals (m.p. 297—29S') of ^-toluidine
stannichloride were deposited. On analysis

—

0-8265 grm. gave 0-2236 grm. SnOz ; Sn = 21-31 percent,
o 6824 grm. gave 1-0342 grm. AgCl ; 01 = 37-49 percent.

(C7H7.NH2)2,H,SnClo,H20 requites Sn = 2l-oi and
• €1 = 37-64 per cent.

Methylaniline Stannochloride, (C6H5.NH.CH3),HSnCl3.
Redistilled methylaniline (5-35 grms.) and stannous

chloride {5-65 grms.) were mixed and dissolved in 100 cc.
of dilute hydrochloric acid with warming. The clear solu-
tion thus obtained deposited a mass of short stout colour-
less prisms. These were soluble in water, giving a clear
solution which only became turbid on boiling. The salt
was also soluble in cold alcohol, but only slightly so in

chloroform. It melted at 106-. On analysis—

°'2549 grm. gaveo-1157 grm. SnOi; Sn = 35-75 per cent.
0-3264 grm. gave o 4224 grm. AgCl ; 01 = 3202 percent.

CeHj.NH.CHj.HSnUj requires Sn = 3563 and
01 = 31-93 per cent.

MethyUniline Stannichloride, {C6H5.NH.OH3)2,H2SnOl6.

Methylaniline (5-35 gtms.) and stannic chloride (8-87
grms.) were dissolved together in 120 cc. of dilute hydro-
chloric acid and gave, after slight concentration, colourless
crystals of methylaniline stanniihloride which melted
with decomposition at about 251'. These crystals dis-

solved in water to form a clear solution which could be
boiled without becoming turbid.

This compound has also been obtained by chlorinating
the stannochloride, but the salt prepared by this method
was not pure. On analysis

—

o 4714 grm. gave 0-1306 grm. SnOj
i
80 = 21-83 per cent.

0-2072 grm. gave 0-3240 grm. AgCl ; 01 = 38-70 per cent.

(C6H5.NH.CH3)2,H2SnOl6 requites Sn = 2i-67 and
01 = 38-84 per cent.

Dimethyta-iiline Stumochloride, (C6HjN.Me2)2,H2S lO^.

Six gtms. of dimethylaniline and 5 65 grms. of stannous
chloride were diss-olved tbgether in 100 cc. of dilute hydro-
chloric acid. The colourless solution deposited a' fine

whits crystalline powder when cooled. This was filtered

off, drained, and dried on a porous plate. The salt melted
and dissolved in cold water, but the solution became

Addition of acids made it clear

at 87'

turbid in a few minutes.
again. On analysis

—

0-3026 grm. gaveQ-3467 grm. AgCl ; 01 = 28-35 per cent.
b 6659 grm. gave 0-1992 grm. S11O2 ; Sn = 23 56 percent.

(CoH5NMe2)2, H2SnCl4 requires Sn = 23 66 and CI = 28-20
per cent.

When 6 grms. of the base and 5 65 grrns. of stannous
chloride were shaken up with 25 cc. of water a pap was
formed similar to the one obtained with quinoline and
described below. Like the latter it dissolved in dilute

hydrochloric acid, and yielded crystals of the above stanno-
chloride.

Dimethylaitiliiie Stannichloride, (06H5NMe2)2,H2SnOi6.

After standing for several days the filtrate from the
above stannochloride crystals no longer ga : a precipitate
with mercuric chloride. It was concentrated and yielded
crystals of the stannichloride.

Similarly, the chlorination of a solution of 5 grms. of
stannochloride in 50 cc. of dilute hydrochloric acid led to
the formation of pale violet crystals of slightly impure
stannichloride.

Colourless prismatic crystals were obtained from 6 grms.
of dimethylaniline and 8 8 grms. of stannic chloride dis-

solved in 100 cc. of dilute hydrochloric acid. The salt

melted at 116°, and decomposed at about 124*. It dis-

solved in water to a clear solution which became cloudy
on boiling. On analysis

—

0-4249 grm. gave 0-1131 grm. SnOj ; Sn = 2o 98 percent.
0-3222 grm. gave 0-4827 grm. AgOl ; CI - 3705 per cent.

(C6H5N Me2)>,H2Sn0ifi requites Sn = 21-13 and 01 = 37-01
per cent.

Attempt; to Prepare Phenylenediamine Salts.

o-Nitroaniline (1-38 grms.) was reduced with tin (3-57
grms.) and hydrochloric acid (30 cc. concentrated acid
diluted with 2u cc. of water). The clear solution deposited
very pale yellow radiating transparent prisms, which were
isolated. When analysed these crystals were found to be
devoid of tin, and the chlorine found was approximately
that required for phenylenediamine hydrochloride :

—

o'33M grm. gave 0-5255 grm. AgCl ; 01 = 39-24 percent.
C6H4(NH2)2,2H0I requires 01 = 39-15 per cent.

The mother-liquor failed to yield crystals of a double
chloride after concentration, but assumed a brown colour
which became deeper as the evaporation proceeded.
Analyses of the substance finally deposited were not con-
cordant, and did not point to any definite compound.

Reduction of o-nitroaniline with stannous chloride

similarly did not lead to the isolation of a crystalline

stannichloride.

m-PheHvlenediamine Stannochloride, C6U.<^,l^"ll^"^li
^ iN ri2,rl3nd3'

This salt has been prepared from m-nitroaniline and also
from HI dinitroberzene.

i»-Nitroaniline (2 grms.) and tin (5 grms.) were put in a

round flask fitted with an air condenser. Thirty cc. of
concentrated hydrochloric acid and 20 cc. of water were
added, and the mixture was gently heated until all the tin

had disappeared and the solution wis colourless. This
was then transferred to a basin to cool, when it deposited
a mass of prisms about 3 cm. in length. These dissolved

in cold water, but the solution became cloudy as a result

of hydrolysis. Solutions of the saU in dilute acid gave a

precipitate with aqueous mercuric chloride, the precipitate
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daikened on warming. Iodine Eolutions were decolorised

by the salt in dilute bydtochloric acid. Tbe precipitate

with hydrogen sulphide was dark brown. These reactions

are typically those of a stannous compound. Ttie salt

melted at 128^.

For the reduction of mdinitrobenzene with tin, 336
grms. of the former were mixed with 14-4 grms. of the

metal, and 6q cc. of concentrated hydrochloric acid diluted

with 20 cc. of water were added. On gently warming a

sudden reaction set in. The resulting solution was quite

colourless, and on cooling it deposited a n ass of colour-

less needle crystals which were isolated. They were

found to possess properties identical with the salt obtained

from m-nitroaniline. On analysis

—

0-5174 gtm. gaveo-27S3 grm. SnOj ; Sn»4i-g2 per cent.

0-2439 g""- g*ve 0-3762 grm. AgCl ; CI = 38-18 per cent.

C8H4(NH2)2,2HSnCl3 requires Sn=-4i-85 and 1^1 = 37-97

per cent.

m Phenylenidiamtne Stannichloride,

C6H4(NH2)2,HjSnCl6.

m-Nitroaniline (2-56 grms.) and crystalline sttnnous

chloride (10-5 grms.) were dissolved by warming in 120 cc.

of dilute hydrochloric acid. At first the liquid was very

cloudy, but it gradually became clear and colourless.

(When insufficient stannous chloride was employed a

pink solution was produced). On cooling, almost

colourless crystals of m-phenylenediamine stannichloride

were obtained. These dissolved easily in cold water to a

clear solution which was not appreciably bydrolysed unless

the solution was almost raised to the boiling-point. The
solutions gave no precipitate with mercuric chloride, in-

dicating the absence of stannous salt. When heated the

crystals began to darken and decompose at about 265".

When I 68 grms. of mdinitrobenzene were reduced with

13-56 grms. of stannous chloride in 150 cc. of dilute hydro-

chloric acid by warming and the resulting clear solution

was concentrated and cooled, crystals of the stannichloride

were deposited.

On exposure to air dilute acid solutions of m-phenylene-

diamine stannocbloride oxidised, and on concentration

frequently deposited crystals of tbe stannichloride, which,

however, were seldom pare. The pure salt was analysed

as follows ;

—

0-4762 grm. gave o-i6o6grm. SnO^ ; Sn = 26-56 per cent.

0-4511 grm gave 08767 grm. AgCI ; CI = 4807 per cent.

CeHifNHj)!, HjSnCle requites Sn = 26-88 and CI = 48- 1»

pet cent.

p-Pheiiylenediamitte Stannochloride,Ceiin{mii)2,^2SnO^.

This salt was prepared from ^nittoaniline (1-38 grm.)

and tin (358 grms.) in tbe same way as the m phenylene-

diamine salt.

A mafs of feathery crystals separated out as the solution

cooled, but they soon changed into more compact masses,

becoming white and opaque. They were filtered of^,

drained, and dried between sheets of bibulous paper.

They dissolved in cold water, but the solution hydrolysed

on warming. The silt meltei with decomposition at

270°. On analysis

—

0-5984 grm. gave 0-2425 grm. SnOi ; Sn = 3i-92per cent.

0-3707 grm. gaveo-5734grm. AgCI ; 01 = 3829 percent.

C6H4(NH,),,HiSnCl4 requites Sn = 32-06 and CI = 38 26

pet cent.

p P/Kii^/oKrfiamiiK S(aii«iV/i/oWrf<,C6H4(NHi)2,HiSnCl6.

The mothei liquors obtained in the preparation of the

above stannocbloride, on long standing, deposited crystals,

which no longer gave a precipitate with mercuric chloride

in solution, and which, on treatment in solution with

hydrogen sulphide, gave a yellow precipitate of stannic

sniphide.

The stannichloride was prepared in larger quantity
from t-38 grms. of /"-nitro-aniline and 678 grms. of
stannous chloride by warming with So cc. of dilute hydro-
chloric acid. After one and a half hours tbe solution was
quite clear and colourless, and on cooling crystals
separated. These were filtered ofT, drained, and dried on
a porous plate. They dissolved in cold water without
apparent hydrolysis, but on boiling a precipitate was
obtained. No precipitate resulted on addition of meicuric
chloride to an acid solution. The crystals melted with
decomposition at 230°. On analysis

—

o 7652 grm. gave 0-2589 grm. SnOj ; Sn = 26 65 pet cent.
0-1728 grm. gave 03352 grm. AgCI ; 01=4802 percent.

C6H4(NHi)j,HiSnC'6 requites Sn = 26 88»ndCl = 48i8
per cent.

Pyridine Stannochloride, C5H5N,SnClj,3HCI.
Pyridine (3-16 grms.) was dissolved in 30 cc. of dilute

hydrochloric acid. When cold, this solution was treated
with a cooled solution of 4-52 grms. of stannous chloride
in 40 cc. of dilute hydrochloric acid. The latter solution
was s'owly added with stirring. Finally a white crystal-

line precipitate began to form. After twelve hours this

was filtei-ed off, dried, and examined. It melted at 115*.

On analysis

—

0'4056 grm. gaveo-1601 grm. SnOj ; 80 = 31-10 per cent.

0-1774 grm. gave 0-3376 grm. AgCI; Cl-4705 per cent.

C,H5N,SnClj,3HCl requires Sn = 3i-47 and 01 = 46-75
pet cent.

Pyridine Stannichloride, (C5H5N)2,HjSnCl6.

Pyridine {3-16 grms.) was added with stirring to stannic
chloride (702 grms.) dissolved in 80 cc. of dilute hydro-
chloric acid. Colourless octahedral crystals of pyridine
stannichloride, which melted at 305°, separated out on
standing overnight. The salt was soluble in water, but
the clear solution became very turbid on heating.
Another specimen was prepared by dissolving 6 gtma. of

the stannochloride in 60 cc. of dilute acid and passing a
slow stream of chlorine through the liquid until tbe latter

no longer gave a precipitate with mercuric chloride.

Two grms. of pyridine were added to convert all the tin

present into stannichloride, and the solution was slightly

concentrated on a water-bath. It deposited crystals,

having properties identical with those obtained above. On
analysis

—

07539 grm- gave 0-2361 grm. SnOj ; Sn = 2467 per cent.

o-a-55 grm. gave 0-4838 gtm. AgCI ; 01 = 43-44 pet cent.

(C5HjN)2,H3SnCl6 requires Sn = 24-45 and 01 = 43-81
per cent.

Quinoline Stannochloride, CgH;N.HSnCl3.

When quinoline was added drop by drop to clear solu-

tions of stannous chloride dissolved in alcohol or in dilute

acid a thick white pap was produced. This pap dissolved
on ad'ing dilute hydrochloric acid and warming, and the
clear solution thus obtained deposited a mass of f^ne white
needle crystals of the stannocbloiide. These were col-

lected and dried. On beating they melted at 127".

Qjinoline stannochloride was also obtained direct from
a solution of quinoline (5 grms.) in dilute hydrochloric
acid (50 cc), which was mixed with a <iolution of 9 grms.
of stannous chloride in 60 cc. of dilute acid. Tbe salt

which crystallised out after concentration had the same
melting-point and gave similar analytical results to tbe

specimen prepared by Borsbach's method. On analysis

—

0'4055 g""- gave 0-1728 grm. SnOj ; Sn- 33 -56 per cent.

0-1454 grm. gave o-
1 767 grm. AgCI ; CI-30-04 pet cent.

CgH;N,HSnCl3 tequites Sn»33-6o and 01-29-96 per

cent.
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Quitwline Staimichloride, (CgH7N)2,H2SnCl6.

Stannic chloride (7 gims.) and quinoline (3 grms.) were
dissolved together in 100 cc. of dilute hydrochloric acid by
warming. Oo cooling, small white granular crystals

separated and were isolated.

Quinoline stannichloride did not dissolve readily in cold

water, and on warming the solution was very rapidly

bydrolysed. It did not dissolve very well in cold dilute

acids, but was more soluble when warm solutions were
employed. The solid when heated melted at 259'' (a

second crop from the mother liquors melted at 258°).

Borsbach (loc. cit.) st^ites that the substance remained
solid up to 240°.

When quinoline was added drop by drop to a solution

of stannic chloride in dilute acid a fine white crystalline

powder separated out. On examination it was found to

be identical with the product obtained above.
It has also been possible to prepare quinoline stanni-

chloride by dissolving the stannochloride (6 grms.) in

100 cc. of dilute hydrochloric acid and slowly passing in

chlorine for four hours, after which the solution no longer
contained any stannous salt. It was warmed on a water-
bath for half an hour, a grm. of free base was added, and
when cold, crystals which were similar in appearance to

those above, and identical with them in behaviour and
composition, separated out. On analysis—

o'47i4grm. gave o-i 187 grm. SnO^ ; Sn = 19-92 percent,
o'loii grm. gave o- 1462 grm. AgCI ; 01 = 35-73 per cent.

(C5H7N)2,H2SnCl6 requites Sn = 2o-o5 and 01 = 35-95
per cent.

THE INFLUENCE OF CATALYSTS ON THE
CHLORINATION OF HYDROCARBONS.

By V. R. KOKATNUR.

The object of this paper is to show the contrasting

action of light and of catalysts on the chlorination of

hydrocarbons.
It is well known that culorine acts progressively on

aliphatic hydrocarbons in the presence of light, giving

products of the nature of CHjCi, CH2CI2, CHCI3, and
CCI4, as in the chlorination of methane. On the aromatic
hydrocarbons, on the other hand, it acts, under the same
conditions, additively in the ring or substitutively in the

side chain. Substitution in the ring requires the use of

strong halogen carriers.

It is also known that halogen carriers can be employed
in the chlorination of aliphatic hydiocatbons, giving the

same ultimate products as in the chlorination under the

influence of light. Halogen carriers seem to have a

selective action in the substitution of aromatic hydro-

carbons in preference to aliphatic. Thus in the chlorina-

tion of toluene in the presence of catalysts at a low
temperature substitution is restricted to the ring, without

in the least affecting the side chain. At a higher tempera-

ture, however, substitution takes place in the side chain

in preference to the ring. It is likely that even at a low
temperature, when the substitution has gone as far as

pentacblorotoluene, the side chain will then be attacked.

Regnault (Atm. 1849, xxxiii., 332) demonstrated that

chlorine acts progressively on methane in the presence of

light, forming CH3CI, CHjCb, CHCI3, add CCI4, all of

which can be isolated.

Bedford (U.S. P. 11245,553, Nov. 6, 1917) claims to

have obtained CHCI3, CH2CI2, CH3CI, and CCI4, either

singly or collectively, according to the control of con-

ditions. He made methane and chlorine to react in the

presence of ice and actinic light. IVIasland and Spatre

(U.S. P. 1,148,259, July 27, 1915) claim to obtain mono-,
di-, tri-, or tetrachlorinated hybrocatbons according to

conditions in the chlorination of petroleum under the

influence of light. Brooks, Essex, and Smith (U.S. P.

1,191,916, July i8, t9i6) make similar claims in the
chlorination of gasolene. Blanc (U.S. P. 1,248,065, Nov.
27, 1917) uses both carriers and actinic light in the
chlorination of petroleum and claims to have obtained
similsr results.

Colin (U.S. P. 427.744. May 13, 1S90) made attempts
to burn methane in chlorine by electric sparks of proper
tension, and separate the reaction mixture by fractiona-
tion, but his attempt failed completely.

Pfeifer and Szaroasy (D. Anm. P. 12,058, Sept. is,
1911) proposed to expose a mixture of methane and
chlorine to the action of silent electric discharge.

In 1879 Mallet (U.S.P. 220,397, Oct. 7, 1879) proposed
to pass the mixture of chlorine and methane through an
inert but porous material, like carbon, using it as a halogen
carrier instead of light. J. Mackaye (U.S.P. 880,900,
March 3, 1908, and 1,009,428, Nov. 21, 1911) working
under similar conditions, claims to have obtained the in-
termediate products like CHCI3.
Meyer (Ber., 1891, xxiv., 4248) showed that elhylenedi-

bromide can be prepared from ethylbroniide, by heaing
it with bromine in the presence of iron wire, in a sealed
tube.

Burgoin (Compt. Rend., 1875, xxix., 325) obtained
pentabromoethane by heating tettabnmoethane with
15-6 per cent bromine in a sealed tube foi two days.

In 1893 Phillips (Am. Chem. yourn., 1893, xvi., 362)
reported that in the chlorination of methane under the
influence of cariiers, the tendency was to form the first
and the last substitution products at the sacrifice of the
intermediate ones. Thus, he says, very little or no
CH2CI2 and CHCl3were formed in the reaction.
Tokozcko (Abhandl. Trakaiin. Wies., 1912; yourn.

Soc. Chem. Ind., 1913, xxxii., 742) obtained results
identical with those of Phillips. Monneyrat (Compt.
Rend., 1896, c.xxvi., 1805) showed that chlorination of
tetrachloroethane in the presence of aluminium chloride
gave hexachloroethane only, without producing
pentachloroethane.

General Method.

A known amount of acetylene tetrachloride was placed
in a flask with or without a reflux condenser. The caralyst
was either dissolved or suspended in the liquid. A known
amount of chlorine was passed through the solution slowly.
The reaction product was first washed with dil. sodium
hydroxide solution and then with water to remove all
hydrochloric acid and free chlorine. It was then dried
over calcium chloride and distilled. The fraction passing
over below 150° was regarded as acetylene-tetrachloride,
b.-p. 145 to 148°. The fraction above 150 to 170° was
freed from hexachloroethane by either cooling the liquid
and thus crystallising out the solid, or by successive dis-
tillation whereby hexachloroethane remained in the dis-
tilling flask. This hexachloroethane-free liquid was re-
distilled to find out whether it was acetylene tetrachloride
or pentachloroethane, b.-p. 157—160°.

Experimental.

1. 25 grms. of specially prepared vegetable charcoal
previously tested as a catalyst, was suspended in 100 cc.
of acetylene tetrachloride, CjHjClj

; 50 grms. of chlorine
was passed through this solution in seven hours at room
temperature. (Vegetable charcoal from the market was
first treated with cone. HCI and then dried in an atmos-
phere of chlorine for about three hours at a temp, of
600—700°). The reaction produced was washed, dried,
and distilled. The first fraction, below 150°, amounted to
60 cc. and consisted of acetylene tetrachloride. The
second fraction, between 150° and 170^, amounted to
30 cc. and was mostly hexachloroethane mixed with small
amounts of acetylene tetrachloride.

2. 50 grms. of animal charcoal was suspended in 200 cc.
of acetylene tetrachloride and i8o grms. chlorine was
passed through in seventeen hours at a temperature
between 60° and 70". The reaction product was washed,

any
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dried, and distilled as before. Tbe 6i&t iiaction. below

150 , amounted to 140 cc. and was found to be acetylene

letrachlotide. Tbe second fraction, between 15U' and
170^, amounted to 45 cc. and was mostly he,\Jchloto-

ethane mixed witb ^mall aiiounts of acetylene tetra-

chloride.

3. The results were the same as in the second experi-

ment, cx:ept that 75 |,rm:i. of hexachlorocihane wa$ added
to see whether its presence would tend to make tbe reaction

slop at tbe pentachloroethane stage. But results were
obtained similar to those of Expt. 2.

4. 200 grms. of iron was suspended in 200 cc. of

acetylene tetrachloride and 140 grms. of chlorine was
passed through in twenty-three hours it room temperature.

The reaction produced was washed, drjed, and distilled.

The first fraction, below 15^, amounted to 140 cc. and was
acetylene tetrachloride. Tne second fraction, between
150- and 170-, totalled 50 cc. and was mostly hexa-

chlotoethane.

5. Duplicating (4), except at a temperature of 70 to 80°.

Tne results were similar except that the yield of bexa-

chloroetbane was greater.

6. To 2UO cc. of acetylene tetrachloride 200 grms. of

bleaching powder and 20J cc. of water were added, and
the mixture was heated on the water bath for several

hours. The insoluble liquid formed was separated and
distilled. There was a considerable loss, as same of the

liquid was absorbed in the lime and could not be separated.

The 5rst fraction consisted of tiichloroethylene. unsym-
mettical and symmetrical tetrachloroethane. The second

fraction was pure bexachloroethane.

7. Duplicating (6), but at a temperature of 130 to 140°.

Tbe results were similar but larger yields of each were
obtained.

S. To 200 cc. of acetylene tetrachloiide, 112 grms. of

anhydrous aluminium chloride was added and the mi.Mure

was healed for three hours at a temperature of Oj to 70".

The reaction produced was treated with water, the oily liquid

separated, dried, and distilled. The first fraction, below

150°, amounted to 145 cc. and was found to be a mixture

of unsymmetrical and symmetrical tetrachloroethane. The
second fraction, below 170°, was pure he.\achloroetbane.

9. Duplicating (S), but with 30 grms. of aluminium
chloride and heating on the water bath for several hours.

Larger yields of unsymmetrical tetrachloroethane and
bexachloroethane were obtained.

ro Duplicating (g), but with 20 grms. of aluminium
chloride and passing chlorine at room temperature. O.nly

80 cc. was unchanged. Tbe rest was bexachloroethane.

Discusiion.

These experiments show tbe influence o. catSlysts on

the chlorination of hydrocarbons. Under their influence

the chlotination is carried to tbe end-point without stopping

at intermediate points.

Whether tbe production of bexachloroethane in the

chlorination of acetylene tetrachloride (symmetrical tetra-

chloroethane) should be accounted for by the influence of

catalysts or by the symmetrical atructure of the com-
pound, it is difficult to say. It is true that the two
hydrogen atoms in tbe molecule of acetylene tetrachloride

have the same value, being symmetrically placed with

regard to the whole molecule . hence there is no reason

why one atom should be substituted and the other not.

Thus it is conceivable that both hydrogen atoms are sub

stituted simultaneously, giving hexachloioethane as the

final product. Further light on this point can only be

thrown when unsymmetrical tetrachloroethane is chlori

nated. If it gives pentachloroethane, then it may be

argued that the symmetrical nature of tetrachloroethane

is the cause of not obtaining pentachloroethane as an

ntermediate product.

It is significant to nnte that tbe same symmetrical tetra-

chloroethane gives pentachloroethane when the chlorina-

tion is carried on in the presence of actinic light. This

may perhaps mean that light changes the symmetrical

nature of the compound while chlo.inating, thus making it

passible to obtain pentachloroethane ; or it may mean
that it dissociates chlorine into biatomic mono-molecular
units, which acting on tetrachloroethane gives penta-

cblororoetbane. Conversely it must be assumed, bow-
ever, that tbe catalysts tend to absociate the chlorine mole-
cules into bi-molecules. Hence chlorination in the

presence of catalysts may be called a biniolecular
reaction, while it is a mono-molecular reaction in the

presence of actinic light. Thus it might be expected that

methane, after chlorination, would give CHjCli and
CCI4, though Phillips claims to have obtained CH3CI and
CCI4.

This is an inviting ri':ld and moredeninite work must be
done before any hypothesis is proposed.

—

Tht jfotirnal of
the American Chemical Society, xli.. No. i.

THE FRUIT OF THE PYRUS AMERICANA.

By VERNON C. SHIPPEL.

Tut fiuit of the Pyrin Americana, or mountain ash, was
sent us from Victor, Montana. It had been dried for

some time, but still retained a fresh, bright-red appearance.
Tne average weight of each dried berry was 01668 of a
grm. Three portions were ashed, and tbe amount of tbe

ash remained fairly constant, between 4 and 3 per cent.

The Sugars.

We used the Maxwell extraction apparatus. A hundred
grms. of tbe fruit was placed in flask A and treated with

alcohol for four weeks. Both flasks are partly filled with
alcohol, and the siphon is filled with tbe same liquid.

Both flasks are heated on tbe water-bath. The vapour
formed in flask B will force its way through the short

syphon to flask A, and it will be condensed by the con-

denser above. The vapour from flask A will also be con-

densed and return to the same flask. This soon lowers

the level of the liquid in flask B and raises it in flask A,
and starts ite action of the syphon which carries the oil

laden alcohol from flask A to B. Here tbe alcohol

vapourises, leaving its burden of oil in flask B and returns

in the form of vapour to flask A to be condensed and to

begin anew its cycle of e.^iracting. transporting, and
depositing another portion of oil. We have found the

apparatus economical of both time and material.

After the four weeks' use of alcohol, we used water as

the solvent for two weeks longer, until the liquid which
came over into flask B showed no trace of sugar. The
berries were then removed from the extraction apparatus,

thoroughly dried and weighed. The loss of weight, 32 per

cent, approximated the percentage of sugar.

Tbe alcoholic and water extractions were united, evapo-

rated to a small volume, and then diluted with water to a

litre. A poriionof this solution was treated with bone black,

but it did not become entirely colourless. A cubic centi-

metre was added to sr^cc. water, and treated with Fehlings
solution of such a strength that i cc. corresponded to

0005 grm. sugar. The sugar solution was kept boiling

during the addition or Fehlings solution. Small portions

were filtered from time to time to determine when the end
of the reaction was reached. Several fairly concordant
determinations were made which indicated 34 per cent of

sugar.

Some of the sugar was tested with phenyl hydrazine

hydrochloride, and the time of osazone formation, one and
a half minutes, indicated that tbe sugar was fructose.

Search was made for other varieties, but none other could

be detected.

The Oils.

The dried residues from the sugar extraction were placed

in the same extraction apparatus and treated with ether

for five weeks, when all oil Seemed (0 be removed. It waa
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found when the residues were again dried that they had
not lost much in weight. The oil was sepjiated from the

ether by heating in a small dask, and it eeemed difficult

(o remove the last traces of «tber. The oils were decidedly

oloured, and again ether was added and they were treated

with bone-black on a warm water-bath for several hours.

When filtered the solution was perfectly clear. There
seemed to be two oils, one lighter and tloating on top. At
this point the oils were set away for the summer, and in

The Aci,h.
Tests for the more common organic acids revealed

traces of tartaric and cittic acids, but malic acid pre-

dominated. It was determined as follows ;^Two and a

half gtms. of the fruit were placed in a flask fitted with a

return condenser, the fruit covered with distilled water
and boiled for several hours. The extract was titrated

with tenth-normal caustic soda solution, and found to con-
tain 2 34 per cent of malic acid.

Extraction Apparatus. (Designed by Harold Maxwell).

the fall it was found that one oil had solidified and bad
changed to a yellowish colour. In the attempt to deter-

mine the specific gravity of the 'iquid oil, some ether was
still found to be present in it. This portion was then

spread out on a watch-glass and soon the ether disappeared

and the oil became a semi-solid. The other portion

seemed to be a gum rather than an oil. The two portions

weighed :( grms. or 3 per cent of the original fruit. The
quantities proved too small to determine their charac-

teristics.

The i\'i!rogen.

The total nitrogen was determined by the Kjeldahl-
Gunning method and o 57 per cent was found.

The Ash.

Three separatejportions of fruit, between 2 and 3 grms.
in each portion, were ashed in a plantinum dish, from
which the various constituents were determined. The per
cent of ash was as follows :— (i) 4S1 per cent ; (j) 5-21
per cent

; (3) 5-02 per cent. The average was 301 per cent
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Elasticity of MetaU as

per cent.

SiOj 1-68

FeaOj and AljOj .. .. 091
GaO 3'36

MgO 382
KiO 055
NaiO 496
P1O5 251-39

There was carbon dioxide in the ash which we did no'

determine quantitatively, but which might be computed

from the foregoing results. The methods employed in

determining the various constituents of the ash were

taken from Knight's "Quantitative Analysis," Revised

Edition.

Our thanks are due to Dr. Nicholas Knight for his help-

fulness in this work.

CorDcll College, January ig, 1919.

PROCEEDINGS OF SOCIETIES-

ROYAL SOCIRTY.
Ordinary Meeting, February 6, 1919.

Sir J. J. Thomson, President, in the Chair.

The following papers were read :

—

"Note on the Elasticity of Metals as afficled by Tem-

perature." By A. Mai-Lock, F.R.S.

The present note is an account of some preliminary

experiments on the variations with temperature of Youngs
Modulus for fifteen selected metals. The choice was

influenced largely by the ease with which specimens could

be procured. No alloys are included. The metals chosen

were rhodium, platinum, iron, palladium, nickel, coppst,

gold, silver, magnesium, aluminium, zinc, lead, cadmium,

bismuth, and tin.

The procedure was to determine the frequency of the

vibrations of a stiflf tod carded at its lower end by a small

thin plate of the material to be tested, the other end of

the plate being clamped to a fixed support. The plate and

its support could be immersed in fluid of any desired tem-

perature without welling the rod and in any way inter-

fering with the mounting. The temperatures employed

were those of liquid air, Oi Centigrade, ordinary tempera-

ture (10—15') and as near 100^ C. as was'practicable. The
measured frequencies of vibration at these temperatures

furnished the necessary data for determining the changes

in Young's Modulus.
The results showed that the more infusible the metal

the less the Modulus was affected for a given change ot

temperature, and this suggested that there might be a

real connection between the variation of the Modulus (M)

and the melting pjint Sm in Absolute temperature.

A diagram i= given comparing the experimental results

with what they would have been bad the relation

dM/<ie = 9M been true. If this relation holds and e, $•

are two temperatures for which the Moduli are Mj Mj,

then would M1/M2 = Am -Bi./»m - 62. andif » is Absolute

zero and $2 = 0° C, so that in this case M,,M2 =
Melting point Absolute

j^^ ^^y ^^^^ temperatures
Melting Point Centigrade

differing by 270^ C.

The experimental results show a distinct resemblance to

those obtained on this supposition.

" Vibration and Strength 0/ Struts and Continuous

Beams under End Thrusts." By W. L. Cowley and H.

Lew.
In a previous communication, " The Critical Loading of

afficted by Temperature CnBMlCAL NEWi
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Strut? and Structures," the authors investigated the

stability of a strut under end thrust and simply supported

at a number of intermediate paints. The method of

analysis has been extended in the present paper to include

the more general problem of the vibration of such a

system when the lateral load is periodic and the supports

are assumed in a state of vibration. The flexural rigidity

and the end thrust, constant along each bay, are taken for

lurther generality lo vary from bay to bay. These con-

ditions coirespond closely with those originated in a wing
spar of an aeroplane when in flight and influenced by

engine throbbing.

A very general form of the equation of three moments
is derived, and the conditions for resonance and crippling

expressed in a convenient determinantal form.

The general case where the end thrust, the flexural

rigidity, and the mass per unit length, vary between the

supports according to any assumed law is discussed, and

the method of solution illustrated in the particular case of

the crippling of a strut of variable flexural rigidity. The
result is expressed in a form extremely convenient for

graphical treatment.

"A New Method Jor the Absolute Determination of

Frequency." By A. Dly.

NOTICES OF BOOKS.

The Manufacture 0/ Intermediate Products for Dyes. By
John Cannell Cain, D.Sc. (Manchester). London ;

Macmillan and Co., Ltd. 1918. Pp. xi-|-263. Price

IDS. net.

Chemists have recently been very frequently called upon
to supply informalion relating to the manufacture andpro
parties of intermediate products tot dyes, and no doubt

such demands upon their knowledge will continue to in-

crease as the British dye industry becomes more firmly

established and flourishing. But it has often been

matter of considerable difficulty to supply manufacturers

with exactly the details they require. Descriptions of

processes are scattered throughout literature which is

often not readily accessible, and it has meant the expendi-

ture of much time in going through patent specifications,

&c., ill order to get the most recent and reliable data.

The author's aim in preparing this book has been to bring

together all such details of processes of manufacture

actually employed, so that his readers will have no need to

refer to the original descriptions, and this aim has been

admirably fulfilled. The chief operations which are con-

stantly employed, including chlorinalion, nitration, and
sulphonitration, for example, are desciibed in full, and the

actual arrangement of work is given, with all essential

details as to quantities employed, yields, physical con-

stants, itc. The most important compounds have been

judiciously selected for fullest description, and in some
cases the author has added notes on the results of his own
experience.

Annuaire pour VAn 1919 publie par le Bureau des Longi-

tudes." ("Annual for igig published by the Bureau
des Longitudes"). Paris : Gauthier Villarset Cie. Pp.

viii-f6So. Price 3 francs net.

The current number of this annual contains the usual

astronomical data giving the relative positions of the sun,

earth, moon, planets, and stars for every day in the year,

and also copious statistics relating to the population of

the chief towrs in France, &c. It contains interest and
annuity tables, and although some changes in detail have

been made in this year's issue the Annual will certainly be

no less useful than heretofore, particularly to astronomers

and statisticians.
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BOOKS RECEIVED.
' Recent Advances in Physical and Inorganic Chemistry."

By Alfred W. Stewart, D.Sc. With ?n Intro-

duction by Sit William RamSay, K.C.B., F.R S.

Third Edition. Pp. xv+ 284. Price i2j. 6i. net.

London, New York, Bombay, Calcutta, and Madras :

Longmans, Green, and Co. igig-

'The Atomic Weights of Boron and Fluorine.' By
Edgar F. Smith and Walter R. van Haaoe.n.

Pp. iv + 65. Washington: The Carnegie Institution.

Igi8.

'Introduction a la Cbimie Generale." By H. Copaux.

Pp. 212. Paris : Gauthier-Villars. 1919. Price

6 francs.

' Trattato di Chimica Generale ed Applicata all' Industtia."

Vol. I. Chimica Inotganica. Parte Seccmda. By
Dott. Ettore Molinari. Qaarta Edizione, rivedista

ed ampliata. Pp. 630. Milano : Ulrico Hoepli.

1919. Price L. 26.

" Riso e Vitamine." By Prof. Icilio Guareschi.

Esttallo dal Supplemento .Annuale all' Enciclopedia

di Chimica o Atchivio di Chimica Scieiitific.'i e in-

dust.iale. Vol. XXXIV. 1918. Pp. i43-

'Imperial University of Tokio—Calendar, 19171918."

Tokyo: The U.niversily.

CORRESPONDENCE.

IMPORT RESTRICTIONS.

To the Editor of the Chemical News.

Sir, We understand that the policy to be adopted in

regard to the continuation of restrictions on Imports is

receiving the consideration of the War Cabinet. The

Federation desires to press most strongly on the Govern-

ment the absolute necess ty of not allowing products

v/hich compets with those of any Industry in this country

to be imported and sold at prices with which existing con-

ditions make it impossible for the home industry to com-

pete, until that industry has had a reasonable opportunity

of converting from a war to a peace footing. Unless this

course is adopted the resumption of normal industrial

activity in this country will be gravely prejudiced, and the

effect upon employment must be most serious in the

present condition of industrial unrest.

The Federation realises that pressure may be being

brought to bear upon the British Government by Foreign

Governments who desire to import into this country, but

such considerations appear to them to be infinitely less

important than those to which reference has been made

above.
In any case they would urge that no relaxatrjn of

import restrictions should be made in deference to the

representations of a foreign Government w.thout securing

from that Government a substantial quid pro quo, and

that in any such case the relative value of the concession

which is being made to the Foreign Government and of

the benefit to he received in return should be most care-

fully weighed.
Finally, I am to urge that no decision should be taken

on this mast important question without the fullest con-

sultation with representatives of the industry of the

country, and to say that we should be most willing to

place our organisation at the service of the Government

to advise them, should they so desire. I am to point out

further that the decision of the questions which arise in

connection with the raising of restrictions anrl granting of

licences often involves very minute enquiries into the

available and potential supplies of small articles. These

enquiries can most satisfactorily be made through an

organisation such as ours, which comprises manufacturer) | efficiency

in every branch of industry and has collected very full

statistics as to the products of the various industries, and
we have already been able to render considerable assist-

ance to the Government in dealing with questions of this

kind referred to us by the Department of Import Restric-

tions.— I am, &c.,
V. Caillard,

President, Federation of British Industries.

39, St. James's Street, S.VV. r.

OBITUARY.

Prof. GEORGE CAREY FOSTER.

We regret to have to announce that Prof. George Carey
Foster, B.A., LL.D., D.Sc, F.C.S., F.R.S., died on
Sunday, February 9, at his residence at Rickmansworth.

Prof. Carey Foster was the only son of the late George
Foster, of Sabden, in Lancashire, where he was born in

1835. ^s was educated at University College, London,
and studied also at the Universities of Ghent, Heidelberg,
and Paris. In 1862 be was «ppointed Professor of

Natural Philosophy in Anderson c College, Glasgow, and
three years later he became Professor of Physics at

University College, London, which appointment he held

until 1898. From igoo until his retirement in 1904 he was
Principal of the College. He was a highly successful

teacher of physics and the Physical Laboratory at Univer-
sity College was the first in which practical instruction in

the subject was given to students. Prof. Foster's text

books also were much valued by students, for he bad a

marked gift for clear explanation, and he was a popular
principal, showing great administrative gifts. He was one
of the founders of the Physical Society of London, and
was President from t877 to 1879. He was President of

the Society of Telegraphic Engineers (now the Institution

of Electrical Engineers) in 1881, and held the office of

General Treasurer to the British Association for the

Advancement of Science from i8g8 to 1904. Prof. Carey
Foster was elected a Fellow of the Royal Society in i86g
and was Vice-President in 1891-93 and again in 1902-3.

MISCELLANEOUS.

Royal Institution.—Sir Oliver Lodge will deliver the
Friday Evening Discourse at the Royal Institution ^n
February 28, at 5.30 p.m., on " Ether Matter." Owing to

indisposition Prof. J. A. McClelland will be unable to

deliver his Discourse on " Nuclei and Ions " as announced.

Willow Calf Leather.—As a preservative, leather

treated with an ammoniacal vegetable oil emulsion if

already waxed will be darkened somewhat, but is both
renovated and capable for further use.— J. C. Thomlin-
son, B.Sc.

Action of Cyanide Solution in Dissolving Gold.

—

A valuable paper by Mr. T. B. Crowe, E.M,, has appeared
in the Transactions of the American Institute M.E. (Aug.,
igi8, p. 1279), "On the Aciion o( Cyanide Solution in

Dissolving Gold, and the Effect of Zinc in Recovering
the Gold from such Solutions." Experiment and practical

work combined have shown that the solution of gold by
cyanide of potassium is essentially an oxidation process.

In vacuo the action of KCy upon gold practically ceaased
;

on the other hand, in treating cyanide solutions fur the

recovery of gold the absence of air is a great advantage.
These two reactions have been introduced into practice in

the mines and have resulted in a considerable saving both
in cyanide of potassium and zinc, with increased working
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Emulsions and Colloidal Solutions.—An emulsion

can be remade with vegetable oil in aqueous ammoniacal

emulsions, after settling, by adding coal-lar naphtha, by

placing a string thorout;hly fixsd by the coik in the bottle

and shaking, probably colloidal solution occurring at the

same time.- J C. Tiiomi inson, B.S:.

Determination of Saccharine in Tabloids.— A.

Bonis.—Tabloids of sacchaiine are composed either of

sacchaiine or of sodium saccharinate, or of a mixture of

thene two substances, generally with the addition of

sodium bicarbonate ; the simultaneous presence of

saccharine and .;accharinate results from the partial

:ticn of saccharine on sodium bicarbonate either in the

)utse of manufacture or by the slow action of moisture
ac

COU

I. No KQerveiceiue.— lbt aikaimiiy oi tne suosiancc is

first determined, so that the excess of NaHCOj can be

estimated. l'"or this purpose mo mgrms. of the product

are dissolved in cold water and titrated with N lo HJSO4.

One cc. N/10 HjS04 = oo84 grm. NaUCO,. To deter-

mine the saccharine the total sulphur is estimated. 100

mgrms. are mixed with 2 gtms. of a m x'.ure of equal

weights of sodium nitrate and carbonate, and the mixture

is fused. It is allowed to cool, taken up with hot water,

acidified with IICI, and precipitated when boiling with

BaClj in slight excess. The precipitate is filtered off,

ignited, and weighed. 233 parts of BaSOj correspond
I ,— :__ —I „,, q{ sodium saccharinate.

product consists 01 SOaiUm oicaruundic 01m nnt.i.ii<iiiiiE

only the amount of NaHCOj saturated by the saccharine

during solution is calculated, and then NaKCO; in excess

+ N'aHCOj saturated + sacchaiine = practically 100. If

the sum is less than 100 the saccharinate must be deter-

mined by ascertaining the amount of saccharine in the

residue from the extraction with ether : -NaHCOj in

+ N3HCO3 saturated + saccharine + sodium sac

d allowing the iiquia to crysiaiiisc auci uuiung lui iwu

hours with a reflex condenser. The crystals may be

filtered olT, washed, dried, and weighed, or the acid may

be dissolved in alcoholic ether, from which it can be again

separated by evaporating off the solvent.-./^Miia.'fj dtsseparated by evaporating _ - -

FaUifications, 1918, No. 121, p. s^g.

MEETINGS FOR THE WEEK.

MoNPAY, 24lh.

Tt'FSDAV, 25th

Royal Society of Arts, 4.30. " Scientific Problems o(

Kleclric Wave Telegraphy," by Dr.
J.

A. Fleming.

-Royal Institution, 3' " The Dynamics of Flying,

byCapt. G, P. Thomson, M.A.
Royal Society of Arts, 4 30. ' Key Irdustries, by

E. J- Duveen.
WSDSESOAY, :6th.—Royal Society of Arts, 4.30. " The Wage Problem

in Industry," by W. L. Hichens.

Thursday 27th.—Royal Inatiiution, %. " How Silk ia Grown and

Made," by Prof. H. MaxwtU Lefroy.

__ Royal Society, 4 30. " Scatlerine of Light by Solid

Substancti," by Hon. R. J.
Slrutt. "Conititu-

lion of Sulp'iMr Vapour," by Sir James Dobbie

and I . ) . Fox. " The Pressure upon the Polei of

the Kleciric Arc," bv W. G. DuBfield, T. II.

Rtirnham, and A II. fcJavia.

Friday, jBih.—Royal Institution, 5 3" " Ether and Matter," by Sir

Oliver Lodge, Kt. .,,.. c •

SiTtjRDAV Marrh 1st -Rovai Insliiutinn, 3 " The F.mpire a Share 10
&,4Ti,KDA\, ..lar^

England's Wars-E»stcro Empire,"by The
Hon. J. \V. Foriescue.

NOW READY FOURTH EDITION.
"THE:

CHEMISTS'
YEAR BOOK,

1918-19.
Ml I r E r> B\-

F. W. ATACK,
M.Sc. Tech., B.Sc. (Lond). F.I.C.

Assisted by L. WHINYATES, Assoc. M.S.T^

An up-to-date compilation of Chemical, Physico-

chemical, Mineralogical, and Mathematical Tables,

together with Technical Methods of Analysis.

With New Sections by

—

G. D. Elsdon, F.I.C, and A. D. Htvwoon.on" Dairy Products.'*

E. Hope, D.Sc, on "Alkaloids."

W. Mather, Assoc M.S.T., on "Tannin Mateuals."

J.
W, MeI-I-OR, D Sc , on " Analysis of CI i>s, &C."

L. G. K.^DCUFFK. M.Sc. Tech., F.I.C, on " Essenlial Oils."

]\. H. RouD, D.Sc, on "Crystallography."

E.J. I\ussEi-i., D Sc, F.R.S., ou " .'Vgricultural Chemistry,"

Also—
OOHPLETB REVISION OF DATA IN INORGANIC AND

ORG VNIC TABLES.

Published by 1146 pp.
Messrs. SHERRATT& HUGHES. Price (2 vols.)

34, Cross Street* 1 5 - net tor, post free,

MANCHESTER. 15 6 inland, 16 - foreign).

" This book has now won its well earned place as one ot the annua
necessities with which analytical and indu: trial chemiGta must provide
themselves."—/OMjnd/ of Society of Dyers and Coioritts, igiy.

A Discharged Soldier seeks situation as Works
Chemist, or Laboratory Work, practical and theoretical experi-

ence. Good testimonials.—Address, U. S., Chemical News Odice,
i6, Newcastle Street, Farringdon Street, London, E.G. 4.

Analytical and Consulting Chemist, M.Sc,
A I.e. (Food and Drugs), will buy existing Practice or purchase

Partnership wiih view to extension— Address, Box 135, \V. H. Smith
and Son Kingsway, London, W.C. 2.

Analytical Chemist with considerable experi-
ence, just released from Go\ernment work, wishes for a Position

with an established t~um, and would also consider Partnership with
same or with Chemist who has had previous experience in Private

Practice Work with view to opening out.— Address, "Analyical,"
Chemical Nkws Office, 16, Newcastle Street, Farringdon Street,

London, E.G. 4. ^
Assistant Works Manager seeks progressive

Position with Chcmicl Firm. Fully qualified Chemist. Twelve
years' very varied Works experience Good knowledge of P-ngineering.

Accustomed to administration.—Address, A. \\'., Chemical News
Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4.

r'^hemist (25), ex-Army N.C.O. (1915-16),
^*' desires Aiipointmenl at home or abroad in Works or Labora-
tory. Can control labour

;
good Analyst. Two and a-half years ia

large Government Faccory—Address, B., Chemical Nkws Office, 16,

Newcastle Street, Farringdon Street, London. E.C. 4.

Trained Research Chemist, with Works ex-
perience, leeks Employment wiih Manufacturing Firai ; or

would make gook Assistait to Piivate Investigator. London Degree
;

(WO languages ; microscopy,—Address, T. R , Chemical NBT\Ti Cfffice,

jfi, Newcastle Street, Farringdon Street, London, B.C. 4.

Works Analytical Chemist required. One
conversant with Soap Manufacture, Nicotine Extractions, and

Agricultural and Horticultural Preparations. State fall particular*

ftcd salary required.—Addresi, W, A , Chfmic.u. News OAc*, 16,

Newcastle Street, FarrinedoB Street, London, E.C. 4.



Cheuical News,
Feb. 28, lgi9 Chemical Element and Radio-active C/nnge. 97

THE CHEMICAL NEWS
Vol. CXVm,. No. 3073.

THE CONCEPTION OF THE CHEMICAL
ELEMENT AS ENLARGED BY THE STUDY

OF RADIOACTIVE CHANGE.*
By FREDERICK SODDY.

(ContiDued from p. S;},

Period of Average Life.

The law of radio-active change, which is the same for all

cases, is that of unimolecuiar reaction, the rate of change,
or quantity changing in unit of time, being a fraction,

designated by X and known as the radio-active constant,
of the amount present. The value of A, although vastly
different for different radio-elements, is an absolute con-
stant, so far as is known, for any one element, indepen-
dent of every consideration whatever. The period of

average life is the reciprocal of this constant, but the
actual life of any one atom may assume any value. This
is an experimental fact very difficult to account for. For
example, it is quite easy t3 compare the value of K for a
collection of atoms (i) only just, produced and not in

existence a short interval before, and (2) that have re-

mained undistinguished from an originally very much
greater number, and each of which has been in existence
many times the period of average life. In both cases the
value of \ is the same. This fact e.xcludes from consider-
ation as a conceivable cause of disintegration any gradual
progressive alteration in the atom during its period of
existence, as, for example, was at one time suggested, a
gradual radiation of internal energy by the electrons in

their orbits within the atom. So far, we must admit, the
cause of atomic disintegration remains unknown, although
Lindemann {Phil. Mag. 1915, [vi.], xxx., 560) has
attempted, with some success, to frame a theory to

account for it.

Branch Series.

The development of the various radio-active sequences
revealed that sometimes the series branches, and that in

the change of one radio-element sometimes two products
result, in general, in different amounts. Thus the uranium
series at one point bra iches into the radium and actinium
series, in proportion 92 to 8 out of 100 atoms disinte-

grating. Again, in the case of radium-C and thorium-C a
similar branching occurs, and here in one branch an a-ray
change is followed by a /3-ray change, and in the other
branch the sequence is reversed. These cases are suffi-

ciently explained if it be supposed that two simple radio
active changes are in progress in the same substance
simultaneously, and that each obeys the law of simple
change as though the other did not occur. The distribu-

tion of the original substance into the two products is

then proportional to the relative rates of the two changes.
If Ai and A2 are the radio-active constants of the two
changes, the proportion between the two products is as A:
to A2, and the constant of the double change as a whole,
Ai + Aj. For Ihorium-C, the ratio is as 65 to 35, but for

radium-C 9997 to 003. The first is relatively easy,
but the second extremely difficult to follow experimentally.
It is, fore.xample, impossible to follow fu:ther what occurs
to the minor branch owing to the minuteness of the
quantity of material, and although this has to be repte-
sented as not further changing, we have only negative
evidence to go on. This branching is very important as
showing how from one element two products or more in

very different quantity may result, and may be the tx-

' A Lecture delivered before the Chemical Society, December ig,

1918.

planation of the excessive rarity of certain of the elements
in nature.

Hislory of the Analysis 0) Matter.

The second, and in many respects even more revolu-
tionary phase in the development of the study of radio-
active change arose out of the chemical characterisation
of the successive products, but some historical comment
on the various influences which have gone to shape the
current conception of the chemical element may be of
interest before dealing with this development.
The analysis of matter into different chemical elements

was at first concerned with known materials obtainable in
abundance. The question, then, was not as to the
existence or otherwise of certain elements, but whether
certain thoroughly well-known substances were elements

I

or compounds. Boyle's original celebrated definition was
a purely practical one. That was to be regarded as
elementary which could not by any means be separated
into different substances. Almost at once, however,
there crept into the interpretation of this conception two
fallacies, or two aspects of the same fallacy, implicit in
all the later characterisations of the elements, right up to
the present time, namely, first that chem al analysis was
necessarily the most fundamental and searching kind of
material analysis, known or to be discovered, and,
secondly, that chemical compounds were necessarily more
difficult to resolve than simple mixtures. Any means soon
came to mean any chemical means, and the element, in
consequence, the chemical element. So was taken the
first step which ultimately was to make the term chemical
element, as it is at present understood, denote a definite
but highly complex chemical conception, incapable of
being defined or even understood without long years of
training in the science, and totally different in every single
respe:t from what a plain man or a beginner in the subject
might reasonably suppose the term element ought to con-
note. The elementary and even the homogeneous
character has departed from the conception of the chemical
element, but the conception remains, and, whatever we
choose to call it, will remain. The criterion of the
chemical element soon came to be, in fact, the possession
of a unique chemical chaiacter, distinguishing it and
sufficing for its separation from all other elements. To
this Dalton added a new criterion, the magnitude of the
weight of the atom of the element, and each element
unique in chemical character (as it happened) proved also
to possess a unique atomic weight.
The discovery of the periodic law introduced the idea of

families of chemically analogous elements, the members
of which recurred after regular intervals when the elements
were arranged in order of atomic weight. With the ex-
ception of hydrogen, every element became one of a
group all totally distinct, but with obvious similarities.
Boyle's practical definition of the element as that which
could not be further resolved, more and more, as the
century advanced, fell into desuetude. It became re-
placed by a theoretical conception, to which subsequently
I propose to apply the term " heterotope," meaning the
occupant of a separate place in the periodic table of
elements. With this place came to be associated the
unique chemical character, unique atomic weight, and
later unique spectrum. On the claims of a substance to
the title of element, as in settling disputes as to what
multiple of the equivalent was to be adopted as the atomic
weight, the periodic law became the court of appeal. Did
a claimant to the title of element fit into a vacant place in
the family of related elements ' It it did, not only was
there no doubt as to its atomic weight, but it certainly
could scarcely be an ordinary compound or mixture.
Whatever the elements were, it was clear that they were
all of a class, the limits of chemical analysis, and, if

complex, then all probably of the same kind of com-
plexity.

Incidentally, also, the periodic law showed that although
there was a connection between atomic weight and
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chemical chatacler, there were excepiions, like tellurium

and iodine, where the atomic weights appeared to have

been reversed. This made it perfectly plain that it was
merely a chance that no two elements happened to possess

the same atomic weight. Dalton, as we shall come to

describe, discovered in the atomic weight not merely a

new atomic property, but a new class of atomic property

which, until the present century, remained the only one of

the kind known, and is concerned with a different region

of the atom from that to which physical and chemical

character, position in the periodic table, spectrum, and

other identifying characteristics are to be referred.

The discovery of spectrum analysis led to the recogni-

tion of many new elements, cxsium and rubidium, thal-

lium, indium, helium, and gallium, all being so recognised

before anything at all was known as to their other pro

perties. In each case unique spectrum was later found to

correspond with unique chemical character—except for the

argon gases, all characterised by absence of chemical

character—and unique atomic weight.

Again, the first fruits of the discovery of ridio-activity

were the recognition of the new elements polonium,

radium, and actinium by their unique radio-active character

in the first place. Then, in the case of radium, its claim

|3 the title of element was confirmed, first by its exhibiting

a unique spectrum, then by its possession of unique

chemical character and atomic weight and by its occupying

a vacant place in the periodic table. The emanations,

next, as occupying a place in the family of argon gases,

were easily characterised, and for the radium emanation

unique spectrum was proved. Its origin from radium by

loss of one o panicle gives the atomic weight as 222,

which agrees with determinations of its density and rate

of diffusion. The chemical characters of polonium and

of actinium are different from those of the elements they

most closely resemble. Polonium, or radium-F, by its

close chemical analogy to both bismuth and tellurium, was
characterised as an element of the sulphur family occu-

pying the vacant place contiguous to bismuth. Actinium, by

its resemblance in chemical character to the rare earths, and

especially to lanthanum, although capable of being con-

centrated fractionally from that element, was reasonably

lurposed to occupy the vacant place in Group III, between

radium and thorium. As will later appear evident, both

these elements in due course may be expected to show
unique spectra.

Further progress in the elucidation of the chemical

character of successive products then underwent an abrupt

and, at first, very puzzling change of direction. As
member after member in the series was distinguished and

characterised by its unique radioactive character, by its

disintegration in definite and characteristic ways at

definite and characteristic rates, no iaxlhtt chemically new
elements were discovered. Unique radio active character

does not ahLoyi, as it did with radium, imply unique

chemical and spectroscopic character. The new members
resembled known elements in chemical character so closely

that they could not be separated from them by chemical

analysis, although sharply differentiated from them by

the radio-active properties. Radio-lead or radium-D
cannot be separated from the lead which, being a product

of uranium, accompanies it always in uranium minerals.

Ionium, the direct parent of raiium, cannot be separated

from thorium ; but the most instructive case, historically,

which shows well how the new method of radio-active

analysis serves to distinguish different elements, where
chemical analysis fails, was the case of radiothorium.

Chemicaliy \on separable Elements.

Ramsay and Hahn, in the course of working up a large

quantity of thorianite for radium, obi>erved in fraction-

ating the radium from the barium in the usual way that

the activity of the material concentrated at both ends of

the fractionation. The activity accumulating in the more
soluble fractions was due to a new product, which they

termed radiothorium. It produces thorium-.V, the thorium

emanation, &c., in successive changes. Naturally enough,
they thought tuey bad separated radiothorium by chemical
processes from thorium, but they had not, for that, as we
know, is quite impossible. Then Hahn found along with
the other end fraction, containing the radium, a further
new product, meso-thorium, which is intermediate between
thorium and radiothorium. The radiothorium they had
separated from thorianite was not that present in the
mineral when they started, but that which bad re formed
from the mesothorium after it had been separated from
the thorium in the mineral. Could any more elegant ex-
tension, not merely of knowledge, but of the means of
obtaining knowledge, be imagined ? Two different

elements, thorium and radiothorium, which on account of

their chemical resemblance could not be individually recog-
nised, and in the original interpretation of the thorium
disintegration series were taken as one, became indivi-

dually knowable, because the latter is the product of the
former through the intermediary of a third member, meso-
thorium, possessing chemical properties totally unlike
either. Radio-active change thus became the means of a
new analysis of matter, for which there is no counteipatt
outside the radio-elements.

In turn, mesothorium suffered analysis into two succes-
sive products, mesothorium-i and 2, the first distinguished
by long period of life and a rayless disintegration into the
second, which has a short life and gives powerful B- and
7'radiation in its change into radiothorium.

I then found that mesothorium- 1 was chemically non-
separable from radium, a discovery also made by Maick-
wald at the same time, and in igii I pointed out that in

an a ray change, such as ionium into radium, radium into

emanation, thorium into mesothorium-t, and other cases,
the expulsion of the a particle causes the radio-element to

shift its place in the periodic table by two places in the

direction of diminishing mass and diminishing valency,
whereas in successive changes in which a particles are not
expelled, it frequently reverts to its former position, as,

tot example, radiothorium Irom mesothorium and lead irom
radio-lead.

To those actually engaged in the task of trying to

separate the successive products of radioactive change by
chemical analysis, it soon became clear that the chemical
resemblances disclosed between certain of the members
was such as to amount to chemical identity. The most
obstinate cases of similarity previously known, among the
rare earths, (or example, cannot be compared with them.
In all cases, radio active methods afford the most delicate

means for detecting the least alteration in the concentra-
tion of the constituents, and the most prolonged and care-
ful attempts fail to produce a detectable separation.
At my request. Fleck undertook in my laboratory a

systematic chemical examination of all the members of
the series still imperfectly characterised, from the point of
view of first finding which known element they most
resembled and then finding whether or not they could be
separated Irom that element. His researches were the
means of finally unmasking the extreme simplicity and
profound theoretical significance of the process of radio-

active rhange. All the members of the series so far

chemically uncharacterised he found to be chemically non-
separable from one or other of the known elements, meso-
thorium-2 from actinium, radium-.4 from polonium, the
three B-members and radium- from lead, the three
Cmembers and radium Zi from bismuth, actinium /> and
thotiuniD from thallium.

Radio active Change and the Periodic Law.
In February, 1913, K. Fajans in Germany, from electro-

chemical evidence, and in this country A, S. Rus.sell and
I independently, from Fleck's work, pointed out the com-
plete generalisation which connects chemical character
and radio-active change. In addition to the shift of two
places in the periodic table caused by the expulsion of the
a-parlicle, it was now clear that the expulsion of the
/i particle caused a shift of one place in the opposite

I
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direction. Sine: the a-particle carries two atomic charges
of positive electricity and the 3-patticle one atomic charge
of negative electricity, the successwe places in the periodic

table must thus correspond with unit difference of charge
in the atomic structure, a conclusion reached later for the
whole periodic table, as far as aluminium, as the result of

Moseley's investigations on the frequency of Barkla's
characteristic A'-radiations of the elements.
The non-eeparable elements, with identical chemical

character, on this scheme were found all to occupy the
same place in the periodic table, and on this account I

named them isotopes. Conversely, the ditferent elements
recognised by chemical analysis should be termed " betero-

topes," that is, substances occupying separate places in

the periodic table, but themselves mixtures, actually

proved or potential, of different isotopes, not necessarily

homogeneous as regards atomic weight and radio-active

character, but homogeneous as regards chemical and
spectroscopic character, and also physical character, so far

as that is not directly dependent on atomic mass.

Spectra of Isotopes.

As regards the tpectruin, the first indication that chemi-
cally non-separable elements probably possessed identical

spectra arose out of the failure of Russell and Rossi and
of Exner and Haschek in igi2 to detect any lines other
than those of thorium in the spectrum of ionium-thoiium
preparations that might reasonably be supposed to contain
an appreciable, if not considerable, percentage of ionium.
The work of Honigschmid on the atomic weight of

ionium-thorium preparations has fully confirmed this view.
The isotopes of lead of different atomic weight separated
from uranium and thorium minerals hive been found to

possess identical spectra. For this element, lead, Ruther-
ford and Andrade have shown that the secondary ^-radia-

tion excited by the impact of tJ-rays on a block of ordinary
lead gave by crystal reflection two lines identical in wave-
length with the two strongest lines in the 7-ray spectrum
of radium-B, an isotope of lead, as Fleck showed, of

atomic weight 214. This is of importanci as indicating
that A'-rayg and 7 rays, although no doubt originating in a
deeper region of the atom than the ordinary light spectrum,
do not originate in the deepest region of all to which the
weight of an atom and its radio-active properties are to

be referred.

(To be coDtinued),

W = ioo-^

METHODS OF CALCULATING ADDED
WATER IN MILK.

By LESLIE I. HARRIS.

In a previous communication dealing with the calculation
of added water in milk {Analyst, 1918, xliii., 345) I pro-

posed the use of the formula

—

10,000 N
'F5 (ioo-F)-f3N'

as being specially applicable to samples containing an
excess of cream. By this formula the added water is

calculated on the assumption that the original milk con-
tained the minintii of both fat and solidsnot-fat, it being
postulated that an accumulation of fat from F to F' is

accompanied by a diminution of solids-not-fat from N to

N X "i^:^!'-

.

100 -F
The formula above involves a rather long and unwieldy

calculation. This may be obviated by having recourse to

one of the methods below ;
—

I. Calculatinn 0) Solids-not-fat in the Fat-free Milk.—
If the sample contains N per cent of solidsnot-fat and F
per cent of fat, the amount of solids-not-fat in the fatfree

milk will be . and from this we may determine
too - 1

the extraneous water by reference to the table below.

For example, " milk " containing 10 per cent of fat and
3'88 per cent of solids-not-fat, contains in the fat-free

portion 3 88 x =- 4-31 per cent of solidsnot-fat,
90

which IS seen to be equivalent to a mixture of 50 parts of
water with 50 part? of milk of the minimum standard.

In the table the values for solids-not-jat in the fat-free
milk ate calculat;d from

—

(loo -added water)
^ ^5 ^

Tnr. _ (100 - added water)
X3-

Mathematical reasoning will show that the results
obtained from this expression ate identical with those
given by the formula.

Solids-not-fat
\dded water. ill fat-free milk

Per cent. Per cent.

876
I 867
2 858
3 8-49

4 8-40

5 831
6 8-22

7 813
8 8-04

9 7-95
lO 786
II 777
12 768
13 759
14 7-50

15 741
16 7-32

17 723
18 715
19 7-06
20 697
21 6-88

22 679
23 6 70
24 661
25 6-52

26 643
27 634
28 626
29 6-17

30 6-o8

40 5-19

50 4-31

60 3-44

70 2-S7
80 171
go 0-85

Correspond
fat in milk of

ng to solids-not-
minimuni standard,

cent.

50
41

3^
•24

07
99
90
82

73
6S
56
48
39
31
22

14
•05

97
*

88
80
71

63

54
46
37
•29

20
•12

03

95
10

25

40
55
70
85

Rule.—To find the "solids-not-fat in fat-free milk,

''°°
then find themultiply the solids-notfat by

100 - fat

corresponding Bgure for added water in Column I.

2. Alignment Chart.—Those who prefer a graphical

method may make use of an alignment chart. The chart

is read by means of a straight-edge, stretched thread, or

line engraved on a celluloid cursor, &c. This line is

made to coincide with the values for tat and solids-notfat

on the respective scales, and the percentage of added
water is read off at the intersection with the third scale.

A chart ol moderate size wil I indicate the added water
with an accuracy of about 05 per cent

The chart is constructed on the principle of a nonogram
("Traite de Nomographie," Par Maurice d'Ocagne, Paris,

1899). The left-hand scale is divided logarithmically in

an upward direction from i to 100, the figures for fat

being complemeotaty, and therefore at a distance from
the base ptoportional to log (100 -F). The scale for
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solid8-not-(at is divided directly on (be same logariibmic
scale, but in a negative sense. Tbe third scale is midway
between tbe parallel to those for (at and solids not-fat.
It, now, the upper half of this scale be divided logarithmi-
cally from I to loo, a straight line joining the points
representing I'" per cent fat and N per cent solidsnotfat

will give a reading of ~°^j^— 'i the central scale. By

lowering the scale a distance log. 8-5, the readings will be

multiplied by !S'{ b-5
('"^

N
and by adding

3 units to each of the readings, converting these into their

reciprocals, and multiplying by 10,000, the readings will

10,000

+ 3
Since this is equivalentbe of tbe v&lue 85 (100 - t)

N
,, 10,000 N .u 1 J. nto , the scale readin-'s will now give

S-j (loo-Fj 1-3 IM

the percentage of milk (of the minimum standard) in the
mixture, the complementary numbers given in the chart
therefore representing the added water.

A further use of the chart is to determine the change in

composition of any sample of milk under the action of

gravity or centrifugal force ; for example, given the fat

and total solids in whole milk to find tbe amount of solids-

not-fat which the skim milk would contain, and (he com
position of the cream for any concentration of fat. For
this purpose all that is required is lu place the straight

edge coincident with the figure for tat and solids-not-fat,

and rotate it around tbe point of intersection in the central

scale until the new conditions are reached.

3. Slide Rule.—The principle of the alignment chart
may be embodied in the form of a calculating rule. The
reading for solids-notfat on the lower scale is made to

coincide with that tor fat in the sliding scale ; an arrow
points to tbe percentage of added water on the upper
scale. The rule is constructed in a precisely similar way
to the alignment chart, except that tbe scale for added
water is relatively twice as large, the percentages of added
water being placed immediately opposite tbe figures for

solids-not-fat in fat-free milk, as given in tbe table above.
With the sliding scale in a given position, all posfible

corresponding combinations of fat with solids-not-fat are

coincidtnt.

—

The Analyst, February, 1919.

OF
NOTES ON THE
PHOSPHORUS IN

DETERMINATION
STEEL AND IRON.

By \V. D. KIUSDALt, F.C.S.

Part I.

Thl principal object of this paper is to put before

analytical chemists some details which the author has

found to contribute to the exact and quick determination

of phosphorus in steel and iron by the molybdate process,

thereby making it at least equal in accuracy to the longer

process in which silicon and arsenic are separated. After

carefully looking into tbe conditions governing the preci

pitation of ammonium phospho-molybdate, a method was
evolved which seemed to fulfil tbe necessary requirements,

and after five years regular use—in a standardised form-
both under the author s own observation and also in

numerous other works and independent laboratories in

this country and abroad, during which time it was
thoroughly tested against longer and more elaborate

methods, it proved to be thoroughly reliable.

Compariion of Direct Molyhdiite .Melhoiis.

The first step taken was to compare the already published

methods of thin class and to make tests by as many as

• Abstract of a paper read before the Clevelau
Kinecrs, February 10, 1919

Institute of En-

possible. It was found that though the methods given by
difTerent authors were al] similar in general procedure, on
examining them in detail the conditions of precipitation
dilfered widely as regards the amounts of acid and salts
used. That such wide variations in these details and in
the temperature and period of standing before filtering

accounted for the co- precipitation of more or less arsenic
and silicon, when present, was evident ; conseqnently tests
were next made under precise conditions, first of all on
pure solutions of sodium phosphate and arsenate, and
later on Standard steel samples, todetermine the separate
influence of acidity and various ammonium salts (chlorides,
nitrates, and sulphates) on the tendency to precipitate the
chief interfering element arsenic. The reason for trying
the effect of ammonium chloride and sulphate was that
they are often present as a result of adding either hydro-
chloric acid, a sulphate, or sulphite, to the solution for the
purpose of reducing the excess of potassium permanga-
nate usually added to oxidise the phosphorus and combined
carbon.
Where either the free acidity was reduced, the ammonium

nitrate increased, or ammonium chloride or sulphate added,
in every instance the results were more or less high, even
when the temperature of precipitation was as low as 40-.
These e.xpeiiments revealed several interesting features
which should be observed iu order to prevent arsenic from
interfering with the precipitation of phosphorus (as
ammonium phospho molybdate) from pure solutions of
sodium phosphate and sodium arsenate, viz. :

—
(.1) As much nitric acid (in proportion to the molybdic

acid) should be used as permissible.
(i) The least amount of ammonium nitrate which is

necessary should be used.
(c) No compound such as hydrochloric acid or ferrous

sulphate which will result in chlorides or sulphates being
in the solution should be introduced, as these salts favour
tne precipitation of arsenic even at as low a temperature
as 40".

(if) The precipitation temperature should not be above
biP. A few minutes' stand at this temperature before
filtering gives a rather better separation from arsenic than
sixty minutes at 40°.

Tests on standard steels in general bore out chose
obtained when working on synthetic solutions of sodium
phosphate and arsenate, but showed that ferric nitrate
(about 8-5 grms. per 100 cc.) appreciably retards the preci-
pitation ol arsenic and enables the precipitation tempera-
ture to be salely raised from 60° to -jd'. In these parti-
cular circumstances ammonium sulphate instead of giving
a high result appears to hinder the precipitation of
phospho-molybdate.

It cannot be emphasised too strongly that if a quick
direct molybdate method is to be used yielding a high
degree of accuracy equal to that of a long arsenic separated
process, it must be carried out under carefully studieel

uniform conditions u-hicli can be nadily reproduced.

The luthor's Modified Process.

Method I.— D.ssolve 2 grms. of steel in a coveted conical
beaker in 55 cc. nitric acid (sp. gr. 1-20 exactly). Remove
brown fumes by gentle simmering, but do not heat strongly
enough to evaporate any appreciable quantity of acid.
Add 5 cc. potassium permanganate solution (50 grms. per
litre). Boil gently for two minutes, when the phosphorus
compounds should be completely oxidised to orthophos-
phoric acid. Add to to 13 cc. ammonium oxalate solution

(40 grms. per litre), which should completely destroy the
excess of permanganate and o.\ides of manganese in the
bquid, and so cause it to turn clear. Simmer gently for
'wo minutes longer. Add 15 cc. ammrnium nitrate solu-
tion (Coo grms. per litre). The volume should now be
S5 cc. Bring to the boil, remoie from heater, rotate liquid
and pour into the centre ot it 50 cc. cold (15— 20^^) neutral
ammonium molybdate solution (50 grms. per litre). The
temperature of precipitation will be within two ot three
degrees of 70°. Shake Kelt for e.xactly t-wo minutes

;
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allow to stand at the tempeiature of the laboratory for not
less than five or more than fifteen minutes. (If under
0'02 per cent phosphorus seems to be present it is advisable
to allow to stand for the full fifteen minutes). The
phospho-molybdate should now be completely precipitated
free from silicon, arsenic, Ac, and could be filtered and
estimated by any of the usual methods. The author
strongly recommends titration by means of standard
N/6-72 (i.e., too cc. N diluted to 672 cc.) sodium hydroxide
(free from carbonate) and nitric acid of the same equiva-
lent strength. Then (number cf cc. of NaOH minus
number of cc. of HNOi)>;ooi= per cent phosphorus.
The factor is the theoretical one based on the equation

—

2[(MH4)3i2M303.P04^ +46NaOH =
= 2Nd2HP04 + 2iNa,,Vio04 + 3(NH4)iMo04 + 22HjO.

Under the conditions prescribed extensive tests have con-
vinced the author that—contrary to the opinion at one
time held by him— it is perfectly accurate to accept this

calculated factor and is much to be preferred to standard-
ising the solutions against a sample of " known " phos-
phorus content. A single estimation can be made in

twenty to thirty minutes.
Method II.—For those preferring to use an acid molybdate

solution the following modification can be made: —
Dissolve the sample in 30 cc. instead of 55 cc. nitric acid
(sp. gr. 120) and add 25 cc. of water (to keep the volums
unchanged). Proceed as already described until the
phosphorus is ready to be precipitated ; then add a

previously prepared mixture of 25 cc. ammonium molyb-
date (loogrms. per litre) poured into 25 cc. of nitric acid
(sp. gr. i'2o) ; shake and finish as usual.
The method can readily be modified for the determina-

tion of phosphorus in hematite provided that the iron is

practically free from titanium.
Method for Hematite Iron. III.—Dissolve 2'857 grms.

of sample in qo cc. nitric acid (sp. gr. 1-20) as for steel

by gentle simmering.
Cool and dilute to exactly 100 cc. in a measuring flask.

Filter through a dry multi-folded paper in a deep-ribbed
funnel, and measure exactly 70 cc. (equals 20 grms.
sample) of the filtrate into a 400 cc. conical beaker with
a cover on. Heat to boiling point and proceed as described
by the first method for steel, but use 60 ce. of cold
ammonium molybdate solution instead of 50 cc. Finish
as usual. A table was given showing a number of samples
which were tested by the above methods. Samples
ranging from very low (o'oi per cent) to very high (over
01 per cent) in both phosphorus and arsenic were pur-
posely chosen so as to test the method under the most
difiicult set of conditions.

To those who are familar with the " Analoid " system
of analysis (see Note) it may be of interest to know
that these are the investigations which resulted in the
evolution of the "Ten Minute Pure (1914)" method,
which—as pointed out in a paper recenily given to the
Society of Chemical Industry—has not been published
before in any journal described to any society. ("Notes
on Chemical Standards and their bearing on the Unifica
tionof Analysis," by C. H. R.dsdale and N. D. Ridsdale,
given at Birmingham, November 27, 1918, and due to

appear in the Society's youcHii/, February 15, igi8). In it,

however, the method as here described diffsrs in detail
simply by the avoidance of solutions wherever possible
and antomatically bringing about precise conditions.
This, together with the consequent concentration of liquid,

permits the obtaining of equal accuracy in less time.

(Note.—This system was described by C. H. Ridsdale,
F.I.C., F.C.S., and N. D. Ridsdale, F.C.S., in May,
igii, yournal Iron and Steel Inst., igti, I., p. 332 ; No.
4 Session, 1911-12; Proceedings of the Cleveland Institu-

tion of Engineers, February, 1912; November, 1912,
Part II., igi2, the Sheffield S iciety of Engineers and
Metallurgists; March, 1913, Session 1912-13, Proceeding!

of the Staffordshire Iron and Steel Institute: May, 1918,
yournal Iron and Steel Inst., igi3, I., p. 437 ; and by

W. H. Herdsman in November, igii, Session 1911-12,
Proceedings of West 0/ Scotland Iron and Steel Institute).

P.\RT II.

In order to meet the need for an alternative check
method in which the arsenic is actually removed prior to

the precipitation of the phosphorus, the following one
can be confidently recommended. It is a modified form
of a process published in " The Simpling and Analysis of

Iron and Steel," by Bauer and Deiss (English translation),

p. 240.
Determination of Phosphorus arsenic Separated as

Bromide.—Dissolve 3 grms. of steel or hematite iron in

25 cc. nitric acid (sp. gr. i'42), followed by 15 cc. hydro-
chloric acid (sp. gr. i-i6), evaporate to dryness with a
few fragments of clean silica brick to minimise spurting,
and bake the residue ten minutes to complete the oxida-
tion of the phosphorus and decompose nitrates. Take up
with 40 cc. hydrochloric acid (sp. gr. 116) (owing to the
excessive amount of graphite and silicon, hematite iron
should be filtered at this stage and washed with hot water
with a fine nozzle to keep the volume as low as possible).

Addagrm. of zinc (granulated) and, when dissolved, add

5 grms. of ammonium bromide (crystalli-ed) and carefully
evaporate the solution to a paste as quickly as possibla.

This will eliminate all the arsenic chiefly as tri-bromide.
Take up with 20 cc. hydrochloric acid, and in the case of

steel samples, filter oft silica, keeping the volume in the
filtrate as low as possible. Oxidise the filtrate with about
10 cc. strong nitrate acid, added gradually, and evaporate
if necessary down to about 70 cc. Cool, and add
ammonia solution (sp. gr. 0880) till a permanent precipi-

tate of ferric hydrate is formed, then add 8 c:. of ammonia
solution (sp. gr. cSSo), follov;ed by 7 cc. nitric acid
(sp. gr. i'42). Boil and add nitric acid gradually until

the precipitate is just completely redissolved. Evaporate
if necessary to a volume of about 100 cc, then add a

cold mixture of 2J cc. ammonium molybdate solution
poured into 5 cc. of nitric acid (sp. gr. 142) and shaKe
for two minutes. Allow the precipitate to settle for about
five to fifteen minutes, filter, and estimate the phospho-
molybdate by any of the usual methods.
A table was given showing a few of the results obtained

by this method. In the first test ammonium bromide was
intentionally omitted, and the result was 0034 per cent
high, thus proving that arsenic was not eliminated by a

single evaporation with 40 cc. hydrochloric acid alone.

THE ORGANISATION OF CANADIAN CHEMISTS.
A Plea for a Dominion-wide National SociEry.'

By Dr. FRANK T. SHUTT, Chairman, Ottawa Branch,
Canadian Section, Society of Chemical Industry.

Gentlemen,— My first words to you must be those of
thanks and appreciation for the honour you have conferred
upon me in electing me your chairman for the ensuing
year. Many of you are, in person, unknown to me, but
my sincere thanks are to you all—old friends and new
friends alike. Of late years, and more particularly since
the outbreak of war, the opportunities to meet my
fellow chemists of the capital have been few. I am looking
forward with pleasure to our meetings this winter, as
offering excellent opportunities to " get together.' I trust

before our year is over we shall know one another better,

both socially and professionally.

Although the Oitawa branch of the Society of Chemical
Industry was organised towards the close of last season,
we may fairly say that we are to night entering upon our
corpDrate existence. Your Committee, and I am sure all

of us, are very anxious that this first year in our history

* An address given before th- Ottawa Branch, Society of Chemical
Industry, December 5, igi8. From the Canmiuin Cheiiticit\ Journal,
January, igig.
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may be a very successful one, for a good beginning will go
a long way towards putting this branch on a permanent
basis. May I be p::rmilted to emphasise one or two
factors which 1 consider are essential to the success of our
meetings '

The first is a good attendance. Nothing is more dis-

couraging, nothing more effectually dampens enthusiasm
than a poor attendance. Numerically, at the outset, we
shall not be a strong ]body, and it will, therefore, be all

the more necessary that every chemi.st in Ottawa should
feel it incnmbent to be present at the meetings. We shall

also welcome all who may have an interest in the pro-

ceedings, and in this connection we might ask you to

invite those of your friends interested in chemical matters.

Secondly, there is the matter ol the pri gramme. Vour
Committee has arranged a provisional programme lor the

season, which promises to be interesting and attractive.

It may, however, be necessary to make one or two changes
— the times are so uncertain and unsettled—and in that

event, we shall look for volunteers among our members.
There is no lack of excellent talent among the Ottawa
chemists, and I know there is a large amount of valuable

chemical work being carried on here, it will be the chief

objects of our meetings to make this work known. Let us

in this matter of programme learn to depend on ourselves.

Let each one determine and plan to do his part in this

matter, and we may have programmes fully equal in interest

and value to those which our older sister branches in

Toronto and Montreal have had for some years past.

May I add a further word to emphasise the importance
of discussion— a well-ordered discussion— at the close of

the papers. Discussion not merely adds life to a meeting,
but is frequently the means of contributing additional

data, additional information, fully as important as that

presented in the paper. I shall look for the discussion to

form an integral and important feature of the programme,
and I trust that no diffidence will prevent you from doing
your part in this matter.

Tht Organisiilion of Canadiiin Chemists.

Your Committee has selected as the subject for our con-

s-deration to night the organisation of Canadian chemists.

This is probably the most important matter of a general

character that could engage our attention at this time.

Many of us I know are of the opinion that the time has
fully come in the history of Canada, when, alike in the

interests of ourselves and of our country, there should be

a closer linking up of the chemists at work throughout the

Dominion. We all recognise the basic character of the

relation that exists between the science of chemistry and
our national manufactures and industries, and we are all

firmly convinced of the vital importance of the applica

tion of chemistry to their development and welfare. The
same is also true in respect to chemistry and our great

national resources. Chemistry must play a very large and
important part in their future economic development. Of
agriculture, Canada's largest and most important industry,

from an experience of more than thirty years, 1 can speak
as one with some authority, and I can unhesitatingly say

that all true and permanent progress will be, and must be,

based on scientific work and investigation, and I will go
further and say that of all the sciences taking part in this

work —and ihey are many— chemistry is the one that above
all others will, and must, take the first place. The prob-

lems in agriculture that await solution are practically

innumerable and they are varied as to their character and
nature, but I venture to say there are few of them that do
not call at one stage or another in their working out for

the assistance that chemistry only can give. There is a

great futiue for profound, chemical, investigatory work
in agriculture; would that those in authority had the know-
ledge and foresight to realise it.

liut my point tonight is that whatever chemists and
chemistry can do towards increasing the wealth and pro-

moting the welfare and prosperity of the peoples of this

Dominion, in the advancement of agriculture, in the

development of manufactures, in the working of our
mines, our smelters and rehneries, our wood and pulp in-

dustries, can be done more effectively, more economically
il the chemists of this country have organisation. Whether
this work be of the nature ol the working out and control
of processes, general analysis, or profound research, we
feel confident that a closer organisation than now exists

among Canadian chemists will conduce to greater progress
and greater efficiency.

But beiore pursuing this subject further and indicating,

as I hope to do in outline, the several advantages that

may accrue from such an organisation, I wish from
common gratitude to pay a tribute of thanks to that

splendid Biitish organisation to which v/e in Canada owe
so much—the Society of Chemical Industry - and to place

on record an expression of our high appreciation of all

that it has done fo: chemists in Canada. It is the Society
to which many ot us here to night are proud to belong,
the society under whose auspices we meet this evening,

nay more, we meet as a branch of its Canadian section

and are, therefore, part and parcel of the parent organisa-

tion. It is this society that enables Canadian chemists to

take the first steps towards organisation. This is some-
thing to be thankful for, something that we ought never

to forget. As you are aware, as long ago as ig02, branches
ol this Society were formed in Canada Toronto,
Montreal, and Vancouver have had branches in successful

operation for a number of years. In this, the Society has
done a good work. It has helped us with prestige, it has
helped us financially, and it has offered us an avenue for

the publication of our work in the columns of its journal.

For all this vie would like to convey to our parent society

our grateful acknowledgments.
It may be found after a thorough consideration of the

whole matter that this relationship, which in a measure
givfes us a fellowship with the chemists of the Empire, ii

too \ aluable s one to cast off. A consensus of opinion

and an inventory of our strength and resources may show
that it is impossible for Canadian chemists to stand alone,

and if such be the case, we must loyally and enthusiasti-

cally continue our work under the present auspices. No
one will more hearti'y support the present arrangement
than myself. It has worked satisfactorily in the past and
it is quite possible it may meet our needs for the immediate
future.

We have, however, to recognise that there has been a

growing feeling of late among the chemists of this country

that our affiliation with the Society of Chemical Industry

does not offer the very best form of organisation for

Canadian chemists. As evidence of this, I need only

mention the recent formation of an independent associa-

tion of chemists in Winnipeg, Manitoba—a mistake, in

my opinion, but not one that is irremediable. However,
at this juncture, I wish to very frankly state tha< I, to a

very large degree, share in the opinion that the time has

come to strike out for ourselves and form a Dominion-wide
society— a Canadian Institute of Chemistry or a Canadian

Chemical Society.

I wish, therefore, to place before you to night for your

consideration and discussion the desirability of one organi-

sation of chemists for Canada, with a constitution that

would enable it to eniol all bond fide chemists in good
repute from the Atlantic to the Pacilic. What, then, are

the objects which we shall have in mind in considering

this matter, what are the advantages to be gained by the

establishment of a national society ? These we will now
briefly discuss.

I'irst, there is the raising of the status of the Canadian

chemist. This, to my mind, is the principal object we
should have in out consideration of this subject. It may
well be asked if the Canadian chemist, unless he holds a

professorial position at a university, has any recognised

professional status in this country. It is very doubtful if

he has. Most certainly he does not rank with members of

the medical and legal and engineering professions. Let

me cite one or two instances in support of this statement.
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A few yeats ago a well-known Canadian chemist, holding

an important and lesponsible position in the country, was
subpoenaed to give evidence in a case involving several

millions of dollars. He prepared himself for the case,

studying its various phases and aspects. He was on the

stand for two days and his evidence covered many folios.

He sent in an account for 200 dols., which he thought a

modest sum under the circumstances. The Court ruled

that he was entitled to 4 dols. a day and expenses, and

that is all he received. That is an illustration of how the

Courts of the land view or estimate the professional status

of the Canadian chemist. Another instance, the Civil

Service Commission is today advertising for a chemist

who must be an honour graduate in chemistry of a recog-

nised university, with at least one year's experience in

analytical worlc of a certain specialised character, and the

salary offered is 1300 dols. per annum. This is how our

Government view the importance of the science of

chemistry and the status of the profession. Dj you think

the Government would have advertised for a medical man
or a lawyer or a qualified engineer at such a salary ? I

think not.

Well, if these instances are fair and representative

—

and I could cite many more, bearing on the same point

—

as, for instance, when a Minister of the Crown wanted

me, not so many years ago, to accept as chief assistant in

our laboratories at the Experimental Farm a clerk in a

drug store, not discerning the difference between the

nature of the work of a drug store and that of a chemical

research laboratory—what, 1 ask, can we do to raise the

status of the chemist ? We certainly ought to do some-

thing. I do not see that there is any possibility of any

advance in that direction until we have a national society,

with high standards of membership — a society that, by its

very constitution, its standing in the professional world,

could in lime create and exert an influence throughout the

length and breadth of the land.

Then again, I think > national society of chemists of

the nature I have indicated would be the very best pro-

tection the profession could have against the half-educat;d,

poorly-equipped, and often not over-scrupulous chemist

that is found practising, often for a reduced fee, in every

country. We have them in Canada, and this country, as

well as its responsible chemists, needs protection against

them. Much money has been thrown away, as I very well

know, on propositions floated on the strength of inaccurate

and misleading analysis. Several instances of this nature,

in connection with so called potash discoveries in Western

Canada, have come officially before me during the past

two or three years.

Secondly, a national society would create a strength arid

an influence that could be used as occasion dictated in

matters of moment to the country and its best interests.

Of course, I refer only to matters of wide importance

and which by their nature fall within the province of

chemists to advise or offer an opinion upon. There ought to

be, and I am sure there are, from time to time questions

upon which a corporate body of chemists could, by public

pronouncement and by memorials, well advise our people

and their legislators. As, for instance, in establishing

standards of quality for all classes of manufactured and in-

dustrial products, such as foods, fuels, Sc, and in making of

regulations which should safeguard the health of the work-

men and the public generally. The industries look well

after their own interests in such matters—that is true the

world over— the public needs education and protection,

and we as chemists have a responsibility in all this, which

we ought not to neglect or ignore. There is in this a

national work to be done, and it is only a national society

that can do it.

Thirdly, a national society of high standing and with

high ideals would act as a stimulus to more thorough,

profound, and careful work by our Canadian chemists. It

would furnish an incentive for the best work. Without a

due realisation of the high character of our work, we

become but drudges. Opce chemistry is on a plane with

the so-called learned professions, the best of our men, the
ablest, at our universities, would enter it ; for chemistry
not only ranks with the most interesting and fascinating
of all sciences, but, as you will all admit, it offers problems
and a field of research that call for the brightest intellects,

the finest scholars the country can produce. Canada, as
she grows, will need, and must have, more and more
chemists, and chemists of the very highest ability. How
else, I ask, is she to take a place in the front rank of
civilised peoples ?

Fourth, a national society would make possible a
journal for the publication in Canada of Canadian work
in pure and applied chemistry. This is something that
we ought to have for our own use and information and in

order to take our rightful place among the progressive
nations of the world.

It is true we have a Canadian Chemical Journal (pub-
lished in Toronto). We are very glad to have it ; it is

proving an interesting and useful publication from several
points of view. But its sphere is necessarily limited, and
it is not within its province to print papers on theoretical,
abstract subjects and matters of pure research, of interest
only to those who are engaged in, or interested in, the
science of chemistry, apart from its application. The only
avenue for the issue of such papers at present in Canada
is in the transactions of the Royal Society 01 Canada,
and this avenue does not seem to have appealed to very
many of our chemists, possibly because of the restricted
distribution of the transactions.

It is not necessary, I am sure, to enlarge upon the
advantage of such a journal as I have spoken of. There
ought to be a sufficiency of material to maintain a
quarterly of high quality, and if at first there were a diffi-

culty in getting papers of the right stamp, surely the very
existence of such a journal would be an incentive, espe-
cially to our younger chemists, to enter upon investigatory
work, for publication in its columns. It would be a matter
of pride to us and all Canadians to have a journal of
purely Canadian work. Presumably, at first, it would be
a very modest affair.

As to the constitution of such a national society of
Canadian chemists, I would tonight merely outline what
might be desirable or possible. It is well that we should
discuss this evening this phase of the subject, but, after

learning the views of our members, those of the chemists
throughout the Dominion must be ascertained, and the
details should then be left in the hands of a strong and
thoroughly representative committee.

Briefly, my idea would be a society that would include
fellows, associates, and, if found practicable, general
members. It might be modelled after the Institute of
Chemistry of Great Britain and Ireland and the recently
formed Australian Chemical Institute, though I am of the
opinion that a Canadian society should be built upon a
broader basis than either. It must be something more
than a mere registration society, if it is to have a wide
appeal and receive the necessary support for its main-
tenance.
The election of fellows and associates should be by ex-

amination or based upon chemical training, qualifications,

and experience of the candidate. Each election should be
approved by the central council of the society. A high
standard should be insisted upon, so that the status of

fellowship and associateship should be tantamount to,

and generally and professionally recognised as equivalent
to, chemical degrees.

I have said that, according to my views, the society
should not be restricted in its function to registration, as,

for instance, is the Institute of Chemistry of Great Britain.

It should be a society that would bring its membership
together for the reading of papers, for lectures and dis-

cussions on chemical matters generally, in as many
branches as may be deemed necessary or desirable at

centres throughout the Dominion. I am aware of the

difficulties that would be met in establishing and main,
taining a society which included the professional and non
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ptofessional incmbet. Whether these dilViculties are in-
|

supetable I cannot say. If it were possible, I should like

to see those interested in chemistry, but not professional

chemists, find « place in the society.

The society would be governed by a council elected

annually by the fellows and associates, and meeting, say,

three or four limes in the year for business at headquarters

or at one or other of the large cities, as might be deter-

mined on. The society would necessarily have its

charter fellows and associates elected, say, during the first

year ol its existence and drawn from the ranks of Canadiaii

university professoriate, from the ranks of Government

practising and mdustrial chemists, &c. The committee

on constitution could make out a list of good men for

consideration of the council. The fees, of course, would

be graded, and each branch would have its own local

officers. The society would undoubtedly require some
financial assistance on the part of the Government, if it

were to support a journal. U it could be shown that the

society was really a good thing for Canada, such assistance

should not be very difficult to obtain, and I think it could

be demonstrated that a national society of chemists would

prove a very valuable institution, not merely for the pro-

fession, but for the country at large.

In all this, I have not tried to exhaust the field. I have

perhaps touched upon the more important and salient

features in the matter ol the establishment of a purely

national society of Canadian chemists. It is not my
desiie in the least to impose my views upon you. In what

I have said, I have endeavoured simply to place before

you the main points, as I see them, that we must consider,

and I trust that my remarks, necessarily of a fragmentary

nature, may be of assistance in leading our discussion to

night into definite lines. Let our discussions have breadth.

Let us, if possible, reach a decision on the main subject

—the desirability of a Canadian Society of Chemists ; we

can well leave details for future consideration.

enquire into the resources of that country in respect of

explosives and other war materials. He had also had
much to do with the British antigas respirator, and had
succeeded in getting the Italian Army equipped on the

same plan. Dr. I'rankland had also been chairman of the

Chemical Section of the Royal Society War Committee
and ol the Reserved Occupations Committee. The U S.O.

had been awarded to Major McCombie, whose chemical

knowledge had been effectively utilised at headquarters in

b'rance.

In mining. Sir John Cadman had been busily engaged

in organising the new Petroleum Executive Department of

the War Cabinet, ot which he was director. He was also

chairman of an Inter-.\llied Petroleum Council, on which

the United States, France, and Italy were represented, as

well as the United Kingdom.
Prof. Lea, civil engineering, had served as a member of

the Government Light Alloys Committee and the Oxygen
Uses Committee, and the value of his work in connection

with the design of Zeppeliiis and aircraft had been

specially acknowledged. The professor of metallurgy,

Dr. T. Turner, reported that researches for the Aero-

nautical Department were conducted in his laboratory by

Mi. Belton and Mr. Wills, and that a department for

copper and brass research had been opened in Birmingham
under the Brass and Copper Tube Association, of which

Prof. Turner was acting as honorary director. The Pro-

fessor of Mechanical Engineering had conducted a number

of experiments on tanks for the Trench Warfare Depart-

ment.
Sir Oliver Lodge adds that the establishment of a special

degree for training in research had been completed.

SCIENCE AND WAR.
Reseakch Work at Birmingham University.

I.N his report to the Council of the University of Birming-

ham, the Principal (Sir Oliver Lodge) states that the

modern universities have amply justified their existence

during the war. In them, as in the older universities, had

been found the men of special knowledge and ability, and

from them had emanated the instruments and devices

which had enabled the country to deal with dangerous

situations and solve problems of vital importance. Not

at first were the universities fully utilised by military

authority, but gradually their usefulness had become

evident to many Government Departments, and, that being

so, the/ would surely not much longer be allowed to safTer

from the poverty which had retarded their development

and curbed their enthusiasm.

Dealing with war services, from the scientific point of

view. Sit Oliver states that in physics, research work had

been unremittingly carried on. Dr. Shakespeare had beeii

attached to the staff of a Royal Naval Experimental

Station as consulting physicist. The work ol Drs. Barlow

and Keene had been privately printed by the Admiralty,

and Mr. Daynes was engaged in the Research Laboratory

of the War Office Aircraft Fabrics Department.

In chemistry nearly 1000 samples of coal tar and crude

benzol had been examined for the Ministry of Munitions,

and a number of confidential investigations, more espe

cially for the Chemical Warfare Department and for the

Department of l^xplosives Supply, had been carried on by

Prol. Frankland, assisted by Dr. Challenger, Mr. Garner,

and Mr. Wood. Ptof. Frankland hsd been Deputy In-

spector of High Explosives, and had been responsible for

the testing and acceptance of the whole ol the high explo-

sives manufactured in the Birmingham area. He had also

taken part in a special Government mission to Italy to

FEDERATION OF BRUISH INDUSTRIES.

The Federation has had under consideration the means
by which it could contribute to developing the commercial

ties between Great Britain and the Dominions, and with

this object in view has organised, with the support of the

various Dominion representatives in London, a series of

tours of memoeis of the various Dominion Imperial

Fcrces to the industrial centres of Great Britain.

The first of these tours started on February iS, when a

representative party from the South African Imperial

Force were entertained by the Federation at the Princes

Restaurant, and left later in the day for Grantham.

During their tour the South African representatives will

have the opportunity of visiting the firms of Ruston and

Hornsby, Ltd., the Birmingham Railway Carriage and

Wagon Co., Ltd., the General Electric Co., Ltd., at

Witton, the Wolseley Motor Co., Ltd., and the Handley

Page Aeroplane Works.
It is hoped that as a result of these tours the South

African representatives will obtain a useful insight into

the productive power of the Mother Country, and will

enter into personal relations with our leading manu-

facturers to the mutual benefit of South .-\frica and Great

Britain.

The Federation considers that these tours besides being of

commercial importance may serve as some small mark of

the appreciation which is felt by British industry of the

magnificent achievement of the Dominions during the

war, and may in some small measure contribute to con-

solidate the ties of friendf^hip which have grown out of

the sufferings borne in common during the last four years.

ToLH 01 Bka/ii.ian Dlleoaies in CiuEAl Brivain.

With the object of strengthening the business and

personal relations between Great Britain and Brazil, the

Federation of British Industries has invited to this country

a delegation ot representative Brazilian business men. It

may be recalled that this organisation was responsible for

the vis t of a body of Greek commercial men to the

United Kingdom in the autumn of last year.
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The reasons influencing the Federation of British

Industries to select Brazil in the first instance from among
the Latin-American republics may be very shortly stated.

Brazil's area alone, covering more than halt South

America, entitles her to this preference apart trom the

moral influence exercised in that continent by her whole-

hearted challenge to Germany at an early and critical

stage of the war. The value of her co-operation was
largely preventive so far as concerned the enemy's plans in

youth America generally. The services of Brazil's fleet

patrols off the West Coast of Africa and at Gibraltar has

also ibeen imply acknowledged by our navy during the

recent visit of the Brazilian Squadron to this country.

The time is therefore propitious for inaugurating a

business tour, as the following notice of acceptance by the

Brazilian Government shows :^
Foreign Oriicn aSd Biiard of Trade,

Januaiy 30, igig.

To the Director, Federation of British Industries.

Sir,—With reference to recent correspondence on the

subject of the proposed mission of Brazilian business

men to Great Britain, I have to inform you that a

telegram has been received trom His Majesty's Minister

in Rio de Janeiro, to the effect that the latter has been

informed by the Brazilian Minister for Foreign Affairs

that the Brazilian Government is greatly pleased with

the invitation which has been extended by the Fedeta

tion of British Industries, and that careful attention will

be given by the Ministry of Commerce to the names of

the business men whom they would suggest should be

invited.—Yours faithfully, (Signed) S. Springer, for

the Comptroller-General.

With a view to considering the representative industries

of both countries which would best profit by the tour, it

has been decided that Mr. W. S. Barclay, who was loaned

by the Federation to Sit Maurice de Bunsen's Mission io

South America during last summer, should proceed to

Brazil and spend a few weeks there before conducting the

delegates to this country. It has also been arranged, by

courtesy of the Department of Overseas Trade, that Mr.

Hambloch, H.M. Commercial Attache in Brazil, shall

accompany the patty to this country and throughout their

tour, a fact which will be of very great advantage to the

delegates.

Mr. Barclay will sail for Brazil on April 5, and will

arrange for the tour to begin in this country not later than

June 15.

THE SIR JOHN CASS TECHNICAL INSTITUTE.

The annual distribution of prizes and certificates to the

students of the above Institute took place on Tuesday,

February i8, when the awards were distributed by Dr.

Charles C. Carpenter, Chairman of the South Metro-

politan Gas Company. Sir Thomas Elliott, Bart.,

K.C.B., Chairman of the Governing Body, presided.

The Rev. J. F. Marr, M.A., Chairman of the Institute

Committee, in the course of an account of the work ol

the past session, >tated that 242 students and 17 members

of the stal? had served with H.M. Forces during the war,

of whom 15 had given their lives in the service of their

country. „ „ . , ,_

In addressing the students. Dr. Carpenter said that

institutions such as the Sir John Cass Technical Institute

appealed to him very strongly, primarily because they

allowed the ordinary vocations of life to be carried on

during the ordinary working hours, while the evenings

were devoted to the extension of knowledge, so that

practical experience and responsibility were associated

with a full training in the principles of the sciences which

formed the basis of industrial experience and progress.

He remembered, as a young man, being confronted with

problems at the works which he was unable to see through,

but he also had a vivid recollection of the sudden tays of

light which were thrown upon that work after having had
an opportunity, through a similar institution, of studying
the science underlying the whole subject.

He went on to point out the importance of lucid expres-

sion, the putting down of results in clear and concise

language. He also urged students not to ignore the great
value of an elementary training in freehand drawing in

order to be able to make, in the same way that one would
make a note of a process or a reaction, a note of the

apparatus concerned. Dr. Carpenter complained of the

inertia of English manufacturers as compared with German
manufacturers, in many instances it having been necessary

to go to Germany when English manufacturers said certain

requirements were impossible. That was one respect in

which a great change must come over industry in Great
Britain. The war bad opened the eyes of manufacturers
to the possibilities of what could be achieved by skilled

and scientific management.

PROCEEDINGS OF SOCIETIES-

ROYAL SOCIETY.
Ordinary Meeting, February 13, igig.

Sir J. J. Thomson, President, in the Chair.

The following papers were read :

—

" Tivo Dimensional Solutions of Poisson's and Laplace'

t

Equations" By L. Bairstow, F.R.S., and A. Berry.
Starling from a theorem stated in Lamb's hydro-

dynamics, problems involving solutions of Poisson's

equation are interpreted in terms of the motion of the

conventional inviscid fluid of hydrodynamics. The
theorem states that the continuous acylic motion of such
a fluid inside or outside a rigid boundary can be repro-

duced by a system of sources round the boundary in all

cases for which the fluid is at rest at infinity. The special

point of the present paper is the formation and solution

of an integral equation in order to find the strength of the

sources. The answer appears as a series of integrals

which is convergent in the four illustrations given
; proof

of convergency in the full mathematical sense is not
attempted. The method of solution is applicable to

boundaries of any shape and to more than one boundary.
The integrals are easily obtained by graphical and
mechanical methods.
The examples are— (r) The flow of an inviscid fluid

round a cylinder ; in this case the solution is exact. (2) The
torsion of an elliptic cylinder, where again the solution

may be completed analytically. (3) The torsion of a

cylinder of which the section is that of an ait-screw blade ;

the shape of section is such that analytical check is not

possible. (4) The torsion of a hollow cylinder the section

of which was made up of two eccentric circles ; this was
checked by comparison with the known analytical solution.

In all cases the convergence of the series was satisfactory.

Example (4) involves the solution of simultaneous integral

equations ; but the graphical processes are not intrinsi-

cally more difficult than for a single boundary.

" On the Cause of Hierarchical Order among the Corre-

lation Coeffitienis oj a Number of Variates taken in Pairs.''

By G. H.'Thomson, D.Sc.
From the tendency toward "hierarchical" order among

correlation coefficients in mental tests, the conclusion has

in the past been drawn that all these correlations are due
to the presence of a general factor, and that none of them
are due to group factors which run through two or more
tests, but not through all. Although perfect hierarchical

ordei can only be produced in this way, an approximation

to perfection can be attained without any general factor,

by leaving the number and identity of the group and
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specific factors in each variate to chance. A card expeii-

inent is described in which this is done, and specimens of

the re^ulung hierarchies are gisen. The pioof depends on

the (o:mul.c of Pearson and Filon for the correlation

errors of correlation. If correlations are really all equal

and positive, then these (otmul.e imply that sampling the

population will give a set of observed correlations which

are not arranged in haphazard order, but show hierarchical

order. In the card experiment the hierarchical order is

due not to sampling the population, but to sampling the

elemenls of which the variates are formed. While the

theory of a general factor is sufficient to explain the facts

of psychological correlations, it is not necessary, for a

wider theory, that mental tests or samples of some kind of

mental elements do so also.

" The Transmission of Electric Waves round the Earth:'

By G. N. W.MsoN, Sc.D.

From Austin's txpeiimenial results it appears that the

magnetic force due to a Heitzian oscillatoi varies as cosec

:^ flexp. (-AA-i9) at angular distance from the oscil-

i'atot, where \ is the wave length and, in the case of

signals over the sea, the constant A has the value 96.

It seems impossible to obtain any formula resembling

this from a theory of pure diffraction, and it is therefore

necessary to examine the hypothesis (put forward by

Heaviside and others, and submitted to some analytical

treatment by Eccles) that the upper regions of the atmos-

phere act as a reflector of the waves.

It is found that a formula of Austin's type is a con-

sequence of this hypothesis, and that the numerical value

of A given by Austin is obtained by assigning suitable

values to the conductivity of the reflecting layer and its

height above the surface of the earth. The problem of

waves over dryland is also considered and the appropriate

value of A is determined. A discrepancy between the

formula: obtained in this paper and Austin's formula should

be noted, namely, that Austins factor cosec
-i

P is re-

placed by ^' cosec C; but this alteration is of slight

importance.

SOCIIiTY OF GLASS TECHNOLOGY.
Ordinary Meeting, February 19, 1919.

Mr. J. Connolly in the Chair.

The first paper, entitled ' The Properties of the Lime Soda

7/ass«s— (2) The Resistance to Water and other Reagents,

by J D. Cauwogu, M.Sc, Constance Mlirhead,

13. Sc, and W. E. S. Turner, D.Sc, was read by the last

named.
. , ,,

Several glasses have been melted on a small scale,

and the lime content had been increased by definite

amounts. The resistance of each glass to the following

reagents ;—Water, caustic soda solution, sodium carbonate

solution, hydrochloric acid had been tested. In every

case it was found that increasing the lime content brought

about increasing resistance.

The second paper, " The Properties of the Lime Soda

Glasses— {3) The Thermal Expansions," by S. English,

M.Sc, and W. E. S. Turner, D.Sc, was read by Dr.

Turner. , , ,.

The same series of glasses mentioned above (i.e.,

lime contents increasing to 10 per cent) had been tested

in regard to thermal axpansion. It had been proved that

the expansion decreased as the lime content increased.

Both papers proved the value of lime as a constituent ol

ordinary glasses.

Prof P. H. Bosv.Ei.L, O B.E., B.Sc, then addressed

the Society on " Impressions of the Glass Industry 0/ the

United States gathered on a Recent Visit."

First of all Prof. Boswell dealt with the supplies of raw

materials as found in the States, and stated that six sands

Rockwood, Detroit, was used exclusively for optical

glass. The American "sands" are not found as such,

out in the form of sandstone (fairly soft). This is blasted,

washed by water under pressure into the bottom of the

pit, whence it is dredged up to the top of the pit. It is

emptied into concrete bins, and worke down through

steam pipes until it emerges as dry clean running sand.

The top layer of steam pipes have a diameter of 3 in.,

the bottom i in., and there is about i in. clearance be-

tween the pipes. The sand is then loaded into covered

wagons, each of which contains 50 to 80 tons of sand.

The cost ol labour in the sand pits is greater than that in

this country, the workmen being paid about is. 6d. per

hour, and yet the price of sand is less than that of English

sand. The price of the washed dried sand at the pits

varied from 5s. togs, per ton, and on the whole was superior

to English sand. Toe cost of transportation also was less

than in this country, the highest rate being about 5s. per

ton. The fact that American sandstone firms can put

their sand on the market so cheaply is due to the immense

amount quarried per annum. One firm alone quarries

nearly half a million tons per year. They calculated that the

overhead charges for 200,000 tons are not much greater than

for 50,000 tons. Thequarrymen work about nine hours per

day, but contract to keep the bins lull, and thus work con-

siderable overtime to make up for loss of output due to

bad weather. Prof. Boswell afterwards dealt briefly with

American supplies of potash and felspar, and then passed

on to the question of refractories. He showed a specimen

of a glasshouse pot, which had been developed by Dr.

Bleiningcr, and this pot, after the melt had been per-

formed, was perfectly white in colour and very clise in tex-

ture. In making their pots the Americans were substituting

Cornish kaolin by kaolin from Georgia, and were using

ball clays from Tennessee and Kentucky in place of those

from Devon and Cornwall. Considerable advances have

been made in slip casting pots. One firm who were

building pots in the English fashion used taw fireclay and

grog. Tank blocks were also being made very success-

fully, and considerable research has been carried out on

"humidity drying." There was also considerable manu-

facture of silica bricks in the States, the methods em-

ployed being much the same as in the United Kingdom,

except that bricks were burnt for a much longer period

than in this country. Dr. Boswell then dealt briefly with

the various types of glass manulaciured in the States, and

laid special emphasis upon the number of labour-saving

devices in use, which resulted in a huge output.

In the debate which followed, Capt. J. R. Clarke, Mr.

C. J. Peddle, and Mr. F. G. Claike took part.

Before the meeting the members of the Society paid a

visit to the works of Messrs. Beatson, Clark, and Co.,

Ltd., at Botherham, and the thanks ol the Society are due

to the Directors for their kindness on the occasion.

The next meeting of the Society will be held af

Birmingham on March 19, when a paper will be read

the " Slip Casting of Pots."

Royal Institution.—Next Tuesday, March 4, at

o'clock, Prot. H. Maxwell Lefroy will deliver a lecture on

"How Silk is Grown and Made—Mulberry Silk"; on

March 11, "Insect Problems." On Thursday, March 6,

Mr. Charles Aitken will give the first of two lectures on

"Rossetti, Whistler, and Sargent." The Friday evening

discourse on March 7, at 5 30, will be delivered by Prof.

H. C. H. Carpenter on "The Hardening of Steel '

; on

March 14, Prof. -V. Keith on " The Organ of Hearing

from a New Point of View." On Saturday, March S, at

3 clock. Prof. Sir J. J. Thomson, Professor ol Natural

Philosophy, Royal Institution, will give the first of a course

of six lectures on " Spsctrum Analysis and its Applica-

tion to Atomic Structure. " Prof. Hele-Shaw's lectures

on "Clutches," announced for March 4 and 11, are un-

«ete in general use ;
one of them a beautiful sand from avoidably postponed until after Laster.
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NOTICES OF BOOKS.

Organic Chemistry for Advanced Students. By Ji'i-ius

B. Cohen, Ph.D., B.Sc, F R.S. Three Volumes.

Second Edition. London ; Edward Arnold. igiS.

Pp. viii + 366, vii + 435, vii+ 378. Price 54s. net.

The second edition of this work has been enlarged to such

an extent that it has been found more convenient to issue

it in three volumes instead of two ; in its present form it

gives a very comprehensive survey of the fundamental

principles and recent developments of organic chemistry.

The usefulness of the text-book has been thoroughly tested,

and Prof. Cohen is to be congratulated upon having per-

formed aremarkable achievement in its production. The first

part deals with the reactions ol organic chemistry, discus-

sing their general nature and the methods and processes

employed in bringing them about. The dynamics of organic

reactions is also fully treated, and a new chapter has been

added on abnormal reacHons, in which steric hindrance

and Victor Meyer's esterification law ate both very fully

treated. In the second volume the relation between
physical properties and structure is discussed, and here a

good deal of fresh matter has been inserted ; isomerism,

for example, being much more exhaustively treated than

in the previous edition. In the third volume the syn-

thetical methods employed in organic chemistry are

described. Each volume is provided with both a subject

and in jiuthoc index, and is complete in itself.

BOOKS RECEIVED.
" Memorandum on the Industrial Situation alter the War.

The Garton Foundation." Revised and Enlarged
Edition. January, 1919. Pp. 175. London :

Harrison and Sons. Price as. net.

" Reconstruction Problems. 13. Rural Industries."

London: H.M. Stationary Office. Price 2d. net.

CORRESPONDENCE.

DETERMINING THE COMPOSITION OF A
MIXTURE OF SIMILAR SALTS OF TWO METALS.

To the Editor of the Chemical News.

Sir,—I was much interested m H. N. Wilson's descrip-

tion of a method for determining the composition of a

mixture of similar salti without separating the mixture

into \ii constituents (Chem. News, cxviii., 3). It is an

1-245

detailed account of this method (used to estimate the per-

centage of potassium iodide and sodium chloride in a
mixture by converting them into the normal sulphates).

For the last dozen years I have been under the impression

that it was one of my original methods, but on looking the

matter up I found this exercise grouped with two others,

which makes it possible that the method was suggested by
Dr. G. H. Bailey, then Senior Lecturer in Chemistry,
although I do not think there is any reference to this

method in his " Elements of Quantitative Chemistry,"
published in 1905. It is a type of experiment that

"occurs" independently to different people. Sometime
ago I prepared a collection of exercises which might be
worked out by this method with the intention of publishing

them under the title of " Graphical Chemistry." The
following were included :

—

1. To find the Composition of AIIoys.

(a) Containing two metals.
VVeigh out a small portion of alloy. Dissolve in nitric

acid. Evaporate carefully to dryness and heat until

fumes cease to come off. Weigh. Suppose the alloy

contains lead and zinc and one grm. ol the alloy yields

''53 grms. of the mixed oxides. Tne atomic weights of

lead, zinc, and oxygen are 2o5'9, 65'4, a.id 16 respectively.

Then i grm. of an alloy containing o per cent of lead

and 100 per cent o( zinc yields i'245 grms. of oxide, and
I grm. of an alloy containing o per cent of zinc snd 100
per cent of lead yields 1077 grms. of oxide. The per-

centage composition of the alloy is found by finding the
point ot AB which corresponds to a weight of i'r53 grms.
(See figure).

[b] If the alloy contains three (or more) metals.

i. Dissolve I grm. of alloy in nitric acid and convert
the whole into mixed oxides, say ir6 grms.

ii. Dissolve i grm. of alloy. Precipitate one metal,
separate, redissoive, and if possible precipitate the metal
again as hydroxide and convert it into the oxide. Suppose
this metal le copper and yielJs 033 grin, of cupiic oxide.

This corresponds roughly to 0'33 x — grms. of copper.

Subtract this weight (o'26) of copper from the weight
of alloy taken (igrm.); also 033 grm. of cupric oxide

from i'i6grms. of mixed oxides. Then (i—026) grms.
of an alloy containing A and B yields (i-ro—0-33) grms.
of their mixed oxides, and from the graph for these two
metals the proportions of A and B can be determined.

I feel sure that any one who has many analyses of

similar alloys to make would find this method a labour-

saving device.

2. Assuming one standard solution to remain constant

it is quite easy to check quickly all the others by graphical

means.

<V

V, 1-161

^

i-oy^,

Percentage oi lead
100

old method, and at the end of a text-book that I

nsed at Manchester University in 1904— tgo5 there is a

3. I prepared a number of " equilographs" to be used
with my equivalometer (see School World, May, 1917),
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but the War made it impossible for my apparatus to be

manufactured and bas made the introduction of the

equilographs less utgint. I prepared three of the latter

by which one could read off from a graph the equivalent

of any metal according to the amount of hydrogen

liberated at N.T.P., or the amount of metallic oxide

foimed, or the weight of one metal displaced by

another.

I believe that "Graphical Chemistry " has a future to

the analytical chemist and will prove a great labour-saving

device. As Mr. Wilson says, there is no limit to its

application, and every hour saved contributes to greater

output or greater leisure.— I am, iVc,

\V. R. Fielding.
Icrna, Galloway, Fleetwood.

M1SCE[.LANE0US.

University of Birmingham.—Prof. P. F. Frankland,

Ph.D., LL.D., F.R.S., Dean of the Faculty of Science,

University of Birmingham, has retired after long service

at that University.

Appointment.—Dr. T. A. Henry, late Supetintenden

of tnc Laboratories at the Imperial Institute, London, has

been appointed Director of the Wellcome Chemical Re-

search Laboratories, London. Ur. F. L. Pyman, the

former Director of these Laboratories, has accepted the

Professorship of Technological Chemistry in the Man-
chester Municipal College of Technology, and in the

University of Manchestct.

MEETINGS FOR THE WEEK.

McNDAV, March 3rd.—Royal Institution, 5. (Gentral Meeling).

Tuesday, 4th.— Koyal Institution, 3 " How Silk is Grown and
Made—Mulberry Silk," by Prof. H. Maxwell Lefroy.

Koyal Society of .-Vrls, 4 30. " Science and Industry

in Canada," by Pro(. J C. McLennan.
Wedsesday, 5th.—Royal Society of Arts, 4.30. " The Rubber Indus-

try—Past and Present," by B. D. Porritl.

Thursday, 6th.—Royal Institution, 3. "Rossetti." by Charles Aitken.

Royal Society of Arts, 4.30. " The Need for a His-

tory of Bengal," by W. R. Gouriav.

Friday, 7;h.—Royal Insthuiion, 5.30 " The Hardening of Steel," by
Prof. H. C. H. Carpenter.

Saturday, 8th.—Royal Institution, 3 "Spectrum Analysis and its

Application to Atomic Structure," by Prof. Sir J. J.

Thomson, O.M.

HERIOT-WATT COLLEGE, EDINBURGH.

Principal-A. P. LAURIE, M.A., D.Sc.

QPECIAL FIRST, SECOND, and THIRD
O YEAR INTENSIVE COURSES for Students demobilised

from Iho Fotces will commence on April 15 next and continue till

JuLV 25, in the subjecis of—
MECHANICAL I-.NGINEERING,
ELECTRICAL ENGINKERING,
MINING ENGINEERING.

These Courses will be suitable for Students desirinfi to refresh their

kHdwledije, or who wish to qualify for the Diploma of the Collcfje, and

will count as equivalent to one year of the usual Three Years' course

for the Diploma, either in the First, Second, or Third Years.

Fee, ii2 I2S. ;
Matriculation Fee, (S.

APPLIED CHEMISTRY.
Similar Courses in Applied Chemistry can also be obtained.

The attention of Demobilised Students is directed to th.: arrange-

ments made by the Government for Payment of Fees and Maintenance

of approved applicants. ____

Students desiring to enrol must apply, staling full particulars as to

their pre-war University or Technical College training to the Interim

Principal,

A nalytical and Consulting Chemist, M.Sc,
^*- A I.e. (Food and Drugs), will buy cvistin;; Practice or purchase
Partnership wlih view to e\tenslon—Address, t3o\ 135, W. H. Smith
and Son Kingaway, London, W.C 2.

\ nalytical Chemist Avith considerable experi-
^* encc, just released from Government work, wishes (or a Position
with an established firm, and would also consider Partnership with
same or with Chemist who has had previous experience in Private
Practice Work with view to opening out.—Address, *' Analy ical,"

Chi:mical News Office, 16, Newcastle Street, Farringdon Street,
London, E.C. 4.

Assistant Works Manager seeks progressive
^ ^ Position with Chemical Firm. F'ully qualified Chemist. Twelve
years' very %aried Works experience. Good knowledge of Engineering.
Accustomed to administration.—Address, A. W., Chemical News
Office, 16, Newcastle Street, Farringdon Street, London, E.C. 4.

Analytical Chemist (Junior Assistant) for
^*^ Electrical Accumulator Works, London. Must be thoroughly
used to Analyses of Lead, Lead Oxides, Acids, Waters, iS:c. Electrical
knowledge an advantage. Salary to commence £200 per annum.—Write
age, experience to Box 6g, at Horncastle's, 60, Cheapside, E C. 2.

Assistant Analyst (Woman), four years' cx-
** perience in General .\nalytical Laboratory (Foods, Brewing-
sugars and Malts, Chemicals, ice), desires London permanency.
Matriculated with Chemistry. Salary /150-— Address, V. A. H.,
Chkmical News Office, 16, Newcastle Street, Farringdon Street,
London, EC. 4.

T^Aemobilised Cadet (19) requires situation in
-L-^ Laboratory. Good all round education; Public School.
Passed Inter. B.Sc One year's pre\'ious experience.— Address,

I- C. H., 23, Westcott Street, Hull.

T ady Chemist, Graduate, wanted for Chemical
•^-' Laboratory.— .^pply. Chief Inspector, West Riding Rivers
Boa.d, Wakefield, stating present salary.

''Prained Research Chemist, with Works ex-
* perience, seeks Employment wiih Manufacturing Firm ; or

would make gook Assistant to Private Investigator. London Degree
;

two languages; microscopy,— Address, T. R , Chlmical News Office,

16, Newcastle Street, Farringdon Street, London, E.C, 4.

Y^orks Analytical Chemist required. One
' ^ conversant with Soap Manufacture, Nicotine Extractions, and

Agricultural and Horticultural Preparations. State full particulars
and salary required.—Address, W. A , Chemical News Office, <

Newcastle Street, Farringdon Street, London, E.C. 4.

Li^xperienced Research Chemist and Analyst,—' with excellent Laboratory facilities in City, is now free t*i

undertake RESE.M<CHES connected with the manufacture of
CHEMICALS, INTERMEDIATES, DYES, &c. : also the Utilisa-
tion of WASTE PRODUCTS and all classes of ANALYSIS.—
" Laboratory," 7, 8, & 9, Bolt Court, Fleet Street, London.

CORPORATION OF GLASGOW.
GAS DEPARTMENT.

^Phe Corporation invite applications for the
-* position of MANAGER for their CHEMICAL WORKS.

Applicants must be fully qualified Chemists, able to deal fully with all

Liquid Products from Gas Works, to advise as to ihe introduction of
all necessary up-to-date plant foi the working-up of the B>-pruducts,
and be competent to supervise the erection thereof.

AppI cations, stating salary required, age, qualifications, training,
and experience, to be endorsed on the outside " Gas Department —
Chemist " and lodged with the subscriber not later than Wednesday,
5th proximo.

J. LINDSAY, Town Clerk,
City Chambers, Glasgow, Feb. 12, igig.

LINEN INDUSTRY RESEARCH
ASSOCIATION.

A pplications are invited for the Post of^ DIRECTOR OF RESEARCH for the Linen Industry Research
.\s50cialion.

Candidates should state iheir Scientific and other qualifications,

such as administrative, industrial, &c., and furnish the names of three

references.

The functions of the selectea candidate will be to make a survey of
the entire field of Research in the Linen Industry from the growing of
ihe fiax to the complet'on of the finished product, to draw up a pro-
gramme of Research, to organise the scheme, and to supervise its

carrying out.

.^. salary of not less than ^1000 a year is oH'ered.

Further particulars and the Prospectus of the .Association may be
obtained from the Secreiarv, 3, Bedford Street, Belfast.
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THE QPNCExDTION OF THE CHEMICAL
ELEMENT AS ENLARGED BY THE STUDY

OF RADIOACTIVE CHANGE.*

By FREDERICK SODDY.

(Concluded from p. 99).

Description of the Figure.

The generalisation, brought up to date, is set forth in

the accompanying figure, which is to be read at an angle

of 45°, making the lines of atomic weight horizontal and

the division between the successive places in the periodic

table vertical. Starting from uranium and thorium, the

series r'jn in an alternating course across the table and

intended to express any physical significance ; but for the
fact that many members would be super imposed, they
would al ibe represented in the centre of the places. The

j

periods of average life, which are always i'443 times the

I

periods of half-change, are shown for each member above

j

or below its symbol, a ? indicating that the period is esti-

I
mated indirectly from the Geiger-Nuttall relation.

The figures at the head of each place represent the
,
atomic numbers or number of the place in the periodic
table, starting with hydrogen as unity, helium as 2,

lithium as 3, and so on. Mi seley found that the square-
root of the frequency of the characteristic A'-radiation of

an element was, for the A' series of radiations, propor-
tional to integers less by one than the atomic numbers.
Strictly speaking, there is no means of determining the

absolute value of the atoriiic number, but the starting point
having been fixed for any one eleihent, the others can then
be found in terms of it. Moseley assumed the atomic
number of aluminium as 13, as it is the thirteenth known
eleTsent in the list s srting with hydrogen as unity. It is

unlikely that any new elements will be discovered between
hydrogen and aluminium, although if they were it would
be necessary to alter the who'e of the subsequent atomic

extend over the last twelve places as far as the element

thallium. At this point, it is interesting to note that the

expulsion of an o- instead of a 3 particle would have

resulted in the production of an isotope of gold, and so

literally have realised the goal of the alchemist. As it

happens, a jSparticle is expelled and lead results, so far as

the changes have yet been traced, in all cases as the final

product.

It has been necessary, in order to separate the series

from one another, to displace the actinium series to the

right and the radium series to the left of the centre of the

places, but this displacement within the single place is not

1918.

A Lecture delivered before the Chemical Society, December 19,

numbers to correspond. (The position of the stellar

I elements of Prof. Nicholson it is unnecessary to consider

I

here, as the Chemical Society is shortly to be given a first-

hand account of this fascinating question). For A'-radia-

tions of the other series, the square-roots of the frequencies

are not proportional to integers even, although the

differences are nearly integral for successive elements in

the periodic table. The actual numbers in the figure, 92

for uranium, for example, are derived from the assumption

that the atomic number of aluminium is 13, but it is well

to remember that, although relatively to one another

based on experimental evidence, the absolute value is to

some extent arbitrary.

(We are indebted to the Chemical Society for permission

to use this woodcut).
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Thi Chemical Character of Iht hadio elements.

Tbe simple connection between the sequence of tadio-

active changes and the chemical character of the products
has eflcctcd an enormous smiplification, not only in the
theory, but also in the practice ol radio chemistry. The
series extends over twelve places, two. namely, those in

the lamilies of the halogens and the alkali metals, being
entirely skipped. In the ten occupied places are forty-

three distinct types ol matter, but only ten chemical
elements. Seven of these ten, thallium, lead, bismuih,
eman.ition, radium, thorium, and uranmm, can now in

every respect be considered, both chemically and spectio-

scopically, thoroughly well known. These Seven places
accommodate all but nine of the knuwn radio-elements,
and these nine, the isotopes of polonium, actinium, and
ekatantalum, respectively, are the only members the

chemistry and physics of which cannot be referred to

Well known elements obtainable in sufti.icnt quantity for

ordinary chemical and spectroscnpic examination.
Of these three, polonium, although the element of which

at present the chemistry is best known, is likely to remain
tbe most difficult to bring into line with the others, for,

although a vast amount of exact information has been
obtained as to its reactions, it would seem to remain
hopeless ever to obtain it in anything but infinitesimal

amount owing to i;s relatively very short period.

The chemistry of actinium has been enormously simpli-

fied by the discovery that mesothorium 2 is i otopic with

it for the latter may be used as an indicator to show in

wbat way the actinium distiibutes itself after any chemical

treatment. O.vingto its relatively small quantity as a

branch pioduct and to the fact that, itself, it gives no rays,

tbe characteristic radio activity of its products only

making their appearance slo«lv after it has been separated,

actinium has always been a difficult element to extract

from the mineral and very easy to lose in chemical opera-

tions. There is now, however, another reason which will

assist in the study of this element.

The Origin of Actinium. Ekatantalum.

The generalisation has now led to the elucidation of its

origin and the discovery of us direct parent. From its

constant association with uranium minerals, and the

relative activity therein ot its products in comparison with

the act vity ot those of radium, it was considered to be a

branch product of the uranium series, only 8 per cent of

the atims of uranium disintegrating passint; through the

actinium series an - 92 per cent through the radium

series. Its dtfinile locaiinn in the periodic table, by viitue

of its isotcpy with mesothoiium 2. made it clear that its

parent must either be in the radiuui or the ekatantalum

place, the former if it is produced in a i(3-ray change and

tbe latter if it is produced in an a ray change.

The ekatantalum place was vacant when the generalisa-

tion was fir»t made, but it was necessary to suppose that

oranium-X. like mesothoriu'n, con^prised two successive

products, uranium-A'i and uranium A'2. both giving S-rays

,

and the latter occupying the vacant place in qutsiion.

This prediction was confirmed within a few wc-t-ks of its

being made by the discovery by F jans and Giihring ol

uranium X^, or brevium, a new member responsible for

the more penetrating 8 radiation given by uranium X, and

having a period of onlv I 65 minutes. Tne possibility that

actinium was produced in a .! ray change from an isotope

of radium wss experinientally disproved, and there

remained onlv the second alternative, which was rendered

the more probeble by the existence of a member,
unnium-y, discovered by Antonofl. isotopic with uranium

Xi. and simul'anenu^Iy produced with it from uranium in

relative quantity such is to be tx'>ected, if it wtre tHc fir>.t

member of the actinium series. Uranium Y. like

uranium-Xi, gives soft fl rays, and hence its unknown
product must be the isnt' pe of uranium-Xj, and might

also well prove to be the unknown direct parent of actinium

in an aray change of long period.

During the year the missing element has been found in
two independent investigations (S 'ddy and Cranston,
Proc. Key. Soc, :giS, i^]. xciv., 384 ; O. Hahn and L.
Mcilner, Phy ikal. Zeitich., igi8, xix., 208). The pro-
blem as it presented itself to us was so to treat a uranium
mineral as to separate an element, if present, which
possessed the chemical character of the known but hope-
lessly short lived uranium-.V2, using the latter as an indi-

cator in trying possible methods beforehand. The method
adopted, distillation at an incipient red heat in a current
of carbon tetrachlcride vapour and air, was found to be
very effective in volatilising uraniumXj from uranium A'l,
and when applied to pitchblende it was found to give a
product in which none of the known preemanation
members of the disintegration series *'ere present. Thus
was obtained a preparation from which actinium was at

first absent, but which, with the lapse of time, continuously
generated actinium, as characterised beyond the possibility

o( doubt by means of its active deposit.

It should be mentioned that the exact point at which
the uranium series branches has not yet been definitely
ascertained, as there is a choice of alttrnatives. at present
experimentally indistinguishable. Uranium V may be
eiiher the product of uranium / or of uranium 77. and the
latter alternative, which is that shown in the figure, is

taken for the present as likely to be on the whole the more
probable. Tne point can only be settled by the de-
tern. inalion of the atomic weight of ekatantalum or
actinium.

Independently, Hahn and Meitner obtained the parent
of actinium from the insoluble siliceous residues left after
the treatment of pitchblende with nitric acid by adding
tantalum, and then separating it and purifying it by
chemical treatment. They showed that it gave arays of
range 3 314 cm. of air at N.T P., and, from this range, esti-

mate Its period robe from 10= to 2 10* years. There should
therefore be sufficient of the element in uranium minerals
to enable the spectrum, atomic weight, and chemical
character of the pure substance to be determined in the
same way as for radium. Its separation on a large scale
will enable actinium iiself to be grown in a pure state,

analogously to the prrparation ol radiothorium from
mesothorium, and so should allow the spectrum at least
of actinium to be found.
With regard to the period of actinium, there is at pre-

sent a real confl ct of evidence, and so it is Inipossible to
say whether our knowledge of actinium is ever likely to
become as complete as that of radium, or to remain, like

that of polonium, confined to what can be learned from
infinitesimal quantities. Cranston and I, on certain
assumptions, concluded from indirect evidence that the
period of actinium was 5000 years, but Hshi and Meitner,
on the ether hand, state that they have obtained evidence
coifirming Mme. Curie's provsional estimate of the
period as about thirty years, (rom the direct observa-
tion of the decay of the radiations of a sealed actinium
preparation.

Atomic Weight Of Isotopes.

It is clear that the p-riodi, law connects, not primarily
chem cal character and atomic weight, but chemical
character and atomic charge or atomic number, which
alters its value bv integers, not continuously, producing
the step-by-step changes in chemical character which is at
the basis of the analyss of matter into the chemical
elements, or heterotopes. This atoni'C number is. how-
ever, the algebraic sum o'. positive and negative charges,
so that the loss of the a panicle with its two positive
charges and ol two negative electrons as 6-particles leaves
its value unchanged and produces an isotope of the
element having an atomic weight lour units less than the
or'ginal. Unque chemical character and unique spectrum
reaciion is nn proof of homogeneity, and so we arrive at
the conclus'on that the chemical elements, so (ar con-
sidered homogeneous, mav be mixtures of isoicpes,
possessing different atomic structure and stability, revealed
when they undergo radio-active change, and in some cases
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also different at3niio w^igtit. Tais, aubougn witbii tQe

scope of taa Odhonun analysis ot maucc to detect,

nevertheless, until cadio-aciive invesiigations revealed tms
pjssioimy, remained overljoked. In two cases, taat ot

the isotopes of lead on tbe one band, and of ionium and
tbonum on the other, this difference of atomic vtreignt iii

elements spectroscopically and chemically identical has
now been establisheil by direct determination.

The figure shows tnat, so tar as tnese changes have

been followed, they all terminate in the place occupied by

lead, and, if this is tbe real, as distinguished from the

apparent end in all cases, all tbe ultimate products are

isotopes of lead with atomic weight between 210 and zo6.

The product of radium-Cj, in the branch claiming only

0'03 pec cent of the whole ultimate product of radium,

with atomic weight 210, may be left out of account as

being negligible, and also the product of the actiniuiii

branch for wnich the atomic weight is still uncertain ; but

tbe main products, namely, that of uianium with atomic
Weight 206, and both the thonum products in the two
btancbes, with atomic weight 208, are different in differeni

directions from that of common lead with atomic weight
207-2.

Tne conclusion that the ultimate product of thorium, as

well as of uranium, was lead, was qjite new and opposed
to the opinion ot tnose who had made a special siudy of

the Po/U and Pb/Th ratios of radu-active minerals 01

various geolog cal psciods. I found, however, taat the

atomic weight of the lead separated from Ceylon thorite

was 2077, and Honigschmid confirmed this with a speci-

men ol my material and obtained the figure 207 77. Jj»t
recently, from a specimen of lead separated from a Nor-
wegian thorite by Fajans and his coworkers, he has found
the value 20790 {Zeiisch. Elektrochem., 1918, xx v., 163).

Whereas the same investigator, and also T. W. Richards

and others, have found values for the atomic weight of

lead separated from uranium minerals all lower than that

of common lead, and in two cases from carefully selected

minerals between 2060 and 2061. I found my thorite

lead was denser than common lead in tbe same proportion

as its atomic weight was greater, and the densities ol tbe

various specimens of uranium lead have been found by
Richards to be less than that of common lead, the atomic
volume for all varieties being constant. Tne spectra of

these various isotopes have been repeatedly examined, but

hitherto no differences whatever have been established.

Hiskins and Aronberg (Proc. Nat. Acad. Sci., 1917, iii.,

710), for ordinary lead and uta.Tio-lead of atomic weight

2u6'3f, examining the strongest line, 4058, in the sixth

order of spectrum obtained by a 10 inch grating, observed

a constant difference of 0-0043 A., but are themselves dis-

posed to await further further results before drawing any
conclusions.

Tne atomic weight of a mixture of ionium and thorium
was found by Honigschmid to be 231-51 as compared with

232-12 for thorium, the spectra being identical and im-

purities absent in both specimens. The calculated value

for the atomic weight of ionium is 230, and the evidence,

so far as it yet goes, is in accord vith the view that, in tbe

mixture examined, about 30 psr cent was ionium and 70
per cent thorium. By a simple comparison of the

emanating power of the mixture with that of the pure

thorium preparation under similar conditions, the propor-

tion of ionium to thorium could be readily determined
directly, since ionium does not give an emanation, and
this unknown eliminated, but this has stiil to be done.

The Different Varieties 0/ Isotopes and Heterotopes.

When isotopes, such as those just considered, possess

different atomic weights, it is to be expected, although

this has not yet been practically accomplished, that a

separation by physical means, such as prolonged fractional

diffusion, ought to be possible. Chlorine and other

elements, the atomic weights of which depart largely from
an integral value, seem to deserve a further physical

analysis by this method. S r J. J. Thomson's positive-
ray method ot gas analysis ougni to be able to detect such
isotopes ot different atjmic weight witnout separation,
and at one time it seemed that neon bad been so resolved,
but this has not yet been coniiimed. Mr. Ashion telis me
tnis work is still being actively prosecuted at the Caven-
dish Laboratory.

It would be interesting also if the rotation of the
salts ot some optically active acid with different varieties
ol lead, separated from uranium and Icom thorium minerals,
were examined. A differencce is to be expected, although
It IS likely to be small, and pjssibly may be too minute to
be detectable. Recent experiments at Harvard have
shown ibac the refractive index of a crystal ol lead nitrate
IS independent ol tne atomic weight ot tne contained lead,
but the solubility, as is to be expected, is different, the
molai solubility of different vatieties being the
same.

Isotopes need not, however, have different atomic
weighis. One of the clearest cases is in the two end-
products of thorium, but, if the scheme is correct as
regards the branching point of the actinium series, ionium
and uranium F, actinium-^ and radium-C, actinium C
and radium-ii, aciinium-B and radium ZJ, a 1 the actinium
and uranium isoiopes of lead, are other cases. These
result by branchings ot the series, and, since in the respec-
tive branches the amount ot energy evolved in the
successive changes is diffeient, the internal energy of taa
various pairs must be different, although tor them atomic
weight as well as spectroscopic and chemical character
are all identical. I recently suggested in the case of the
two end products ot thonum that possibiy only one of
ihese survives in geological time, namely, tnat produced
in the smaller quantity, and that the other conunucs to
break up in changes as yet undetected (R lyal Institution
Lecture, May 18, 1917 ; Nature, 1917, xcix

, 414 and 433).
This would account for the relativ'c povcity of thorium
minerals in lead, which was tbe original basis for the con-
clusion that lead was not the ultimate product of thorium,
f'he point still remains experimentally untested. Isobario
isotopes of the character in question can only at present
be distinguished if they are unstable and break up further,
but they must be taken inio account in any theoretical
conception we form ol the ultimate structure of matter.
Theaccomplishmentofartificialtransmutation would reveal
them il they existed, and tne discovery of any new pro-
perty, like radio-activity, concerned with the nucleus of
the atom rather than its external shell, might also be the
means of revealing differences cf this character.
On the other hand, the production of isobacic hetero-

topes is the ordinary consequence of S-ray changes, .single

or successive. Such heterotopes, possessing different

chemical and spectroscopic character but the same atomic
weight, have been recently termed isobares by A. W.
Stewart (Phil. Mag., 1918, [vi.], xxxvi., 326), who,
lollowing Fleck's woik on the chemical resemblance, not
amounting to non-separability, between quadrivalent
uranium and thorium, has drawn a parallel between them
and elements existing in more than one state of valency,
as, for example, ferrous and ferric iron.

The extent to which the study of radio-active change
has enlarged the conception of the chemical clement may
be summarised by the statement that now we have to take
into account in our analysis of matter, not only the
heterobaric heterotopes before recognised, but also heteio-
baric and isobario isotopes and isobacic heterotopes or
isobares.

The Nuclear Atom.

I have attempted to present the most important facts of
radio-active change without introducing any theory or
hypothesis at all as to the structure of the atom. I think
It important to keep the two matters distinct. Our know-
ledge of electricity, which in its modern phase may be
considered to start from the relatively recent discovery of
(he electron, is still far too imperfect to enable any com-
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plete theory of atomic structure to be formulated. My 1

task would be incomplete, bowcvcr, if I did not refer

briefly to the nuclear atom of Sit Ernest Ruihctford,

which may be regarded as the logical descendant of the

earlier electronic atom of Sii J.J. Thomson. The weak-

ness of the latter was that it took account essentially only

of the negative electrons, and its attempt to ascribe the

whole mass of the atom to these nearly massless particles

involved the supposition that a single atom may contain

hundreds of thousands of electrons. The actual number
is now known to be rather less, as an average, than half

the numerical value of the atomic weight. Although un-

satisfactory in accounting for the mass of the atom on an

electronic basis, it was much mote in line with present

views in accounting for chemical character and the

arrangement of elements in the pttiodic table. The root

idea thai the successive elements in the table are dislin-

guished by the increment of one electron in the outermost

electronic ting, followed, as period succeeds period, by the

completion of this ting and the formation of a new
external one, so that members of the same chemical family

have similar external ring systems, is still the most pro

bable viev/ yet advanced. In conjunction with the con-

ception of the nucleus and the gradual unravelling of the

various series of chatactetistic X radiations, both experi-

mentally and by mathematical analysis, it bids fair soon to

give a definite concrete picture of the structuie of all the

diflcrent elements (compare L. Vegard, Phil. Mag., igtS,

[vi.], XXXV., 293).

As regards the deepest region of atomic structure,

wherein radio-active phenomena originate, the nuclear

atom is Ihe only one proposed that has any direct experi

mental foundation. It is based on the deflections suflered

by the a-panicle in its passage through the atoms of

maltcr, on the one hand, as Bragg showed many yeais

ago, on the exceedingly slight deviation of the overwhelm-

ing majority of the oparlicles, and, on the other hand, on

the subsequanily discovered large deviations suffered by a

minute proporlion. The nuclear atom.is a miniature solat

system, like most model atoms, the negative electrons

occupying the ato:nic volume by their orbils around a

relatively cxjsssively minuie central sun or nucleus

wherein the atomic mass is concentrated, and consisting

of an integral number of atomic positive charges equal to

the atomic number of the element, and the number of

electrons in the outer shell. An a panicle is the nucleus

of the helium atom, and, unless it passes very near the

nucleus of the atom through which it penetrates, its path

IS prsclically undeflected. The few that chance to pass

close to the exceedingly small but massive central nucleus

are swung out of their path like a comet at perihelium,

save that the forces at work are regarded as repulsive

rather than attractive.

!t appears from radio-active change that atomic disinte-

gration occurs always in the central nucleus, both o and

ij panicles originating therein. The atomic number of

the element is its nctt nuclear charge, the difference

between the positive and negative chatges entering into

iis conslitulion. Of all properties, mass and radio-activity

alone depend on ihe nucleus ; the physical and chemical

character and the spectrum of an element originate in the

outer shell. The character of the outer shell is fixed by

the nett charge, not at all by the mass or internal consti

tution of the nucleus, and the integral variation of this

charge from i to 92 gives the successive places of the

periodic table. Expulsion of two 3- and one apaiticle in

any order gives an isotope of the original element with

atomic weight four units less. Isobaric isotopes resulting

in branch changes difTer only in the internal structure and

stability of the nucleue. The atomic mass is the only

nuclear property known before the discovery of radio-

activity, and, except as regard this, the whole of physics

and chemistr/ up to the close of the nineteenth century

had not penetrated beyond the outer electronic shell of the

atom. Even now, mass and radio-activity remain the sole

nuclear properties known.

Concliiiioii.

Nemesis, swift and complete, has indeed overtaken the

most consetvaiive conception in the most conse[vaii\'e of

sciences. The first phase robbed the chemical element of

Its time hsnouted title to be considered the ultiiiiatc un-
changing constituent of matter ; but since its changes
were spontaneous and beyond the power of science to

imiiate or influence to the slights: degree, the original

concep:ion of Boyle, the practical definition of the element
as the limit to which the analysis of matter had been
pushed, was left essentially almost unchanged.
The century thai began with Dallon and ended with the

discoveries of B.cquerel and the Curies took the existing

practical conception of the chemical element and theorised

it almost out of recognition. The element was first

atomised, and then the atom was made the central con-

ception of the ihcoty of the ultimate con?tilution of matter,

on which modern chemistry has been teared, and from
which its marvellous achievements, both practical and
theoretical, ha'.e mainly sprung. The atom and the

element became synonyms, related as the singular to the

pluial, and implicit throughout this century was the

assumption thai all the atoms of any one element are

identical wiih one another in every respect. The only

exception is in Sir Willidin Crookes's conception of
" inela-elements '' as applied to the rare earths. Here the

idea was rather that of a gradual and continuous difierence

among the diflerenl atoms of the same element, the pro-

perties of the latter being the mean of those of its indi-

vidual atoms. Modern developments have tended de-

finitely away from rather than towards this view.
The second phass in the development of radio-active

change has now negatived each and every one of the con-

ceptions of last century that associated the chemical
element with the atom. The atoms of the Sdine chemical
element are only chemically alike. Unique chemical and
spectroscopic character is the criterion, not of a single

kind of atom, but rather of a single type of external

stomic shell. Different chemical elements may have the

same atomic mass, the same chemical element may have
ditTerent atomic masses, and, most upsetting of all, the

atoms of the same element may be of the same mass and
yet be an unresolvable mixture of fundamentally distinct

things. Present-day identity may conceal differences for

the future of paramount importance when transmutation
is practically realised. Then it may be found that the

same element, hom,5geneous in every other respect, may
change in definite proportion into two elements as different

as lead and gold. The goal that inspires the search for

ihe homogeneous constituents of matter is now known to

he, like infinity, approachable rather than attainable. The
word homogeneity can in future only be applied, qualified

by reference to the experimental methods available for

testing it.

All this, of course, does not in the least affect or mini-
mise the practical importance of the conception of the
chemical elements as understood before these discoveries.

Every chemist knows the conception has had aiid will

continue to have a real significance as representing the
limit cf the spectroscopic and chemical analysis of matter
which remains, although it is now known to convey some-
thing very different from the original and natural concep-
tion of the chemical elements as the I m ii's of the material
alphabet.

Royal Institution.— .\ General Monihly Meeting of

(he Members o( the Royal Institution was held on the
3rd inst.. Sir James Ctichioa Browne. J. P., F.R.S.,
Treasurer and Vice-President, in the rhsir. The Hon.
R. S. Cripps, Major G. Dciinison, M,ijor C. de Roemer,
Miss M. R. Dreschfield, W. H. Eccles. F. H. A. Engle-
heart, L. F. A. Fogatty, Dr. W. A. Fiost, A. A. Hall,
Dr. 8. F. Harmer, A. Meade, G. Newgass, E. Y. R^dlev,
E. K RIdeal, Dr. R. E. Slade, W. Symington, Miss E. G.
Western, G. Williams, and Miss M. Xavier were elected
members.
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Dniermi-natiOyi of Phosphorus in Vanadium Steels^ &c IJ3

THE DETERMINATION OF PHOSPHORUS
IN VANADIUM STEELS, FERRO • VANADIUM,
NON- VANADIUM STEELS, AND PIG IRON.

By CHAS. MORRIS JOHNSON.

I.

—

Method Jor Steel containing Vanadium up to

2'6 per cent.

Ibbotson and Brearley, in 1902 (" Analysis of Steel Woiks
Mdlerials "), recommended that phosphotus be pre-

cipitated Irom tbe reduced solution ot vanadium, using

ferrous sulphate as a reducing agent, claiming thereby to

aid in tbe precipitation of phosphorus when vanadium is

present.

Cain and Tucker, in 1913, recommended that the

vanadium present be reduced with ferrous sulpiute and
sulphurous aciJ for the same purpose {jfourn. Ind. Eng.
Chem., 1913, v., 647).
The method here described gives a successful and con-

venient method for complete precipitation of phosphotus
in the presence of highly oxidised vanadium.

Place 1-63 gem. sample in, 150 cc. beaker. Dissolve in

45 cc. HNO5 (i'i3 sp. gr.) over a low flame. When solu-

tion is clear and brown fumes have been driven ofl, add

3 cc. KMn04 solution ; boil three minutes, then add 3 cc.

FcSOj solution to dissolve precipitate due to tbe excess
permanganate ; boil until brown lumes are gone. Avoid
large excess of ferrous sulphate.

Add 40 to 50 cc. concentrated HNO3 (i'42 i-p- gr.),

bring to a boil, rinse cover and sides ot beaker with least

amount of distilled water, then add 30 cc. of the water
solution of ammonium molybdate. Stir vigorously for a

minute or two, and let stand over night.

Decant through a 7 cm. paper, placing a little papir
pulp in apex of hltcr, keeping the main precipitate in the

beaker. Wash iron out of filter by washing 15 times
with the nitric wash, then proceed to pour the main pre-

cipitate on to filter.

Transfer all of precipitate as far as possible, with the aid

of the nitric wash. Add about 2 cc. of wash to the beaker
and remove adhering particles with a rubber-tipped glass

rod. Use separate beaker for catching washings. Wash
15 times with the dilute nitric wash, then 25 times with
KNOj wash, or until the outside of the filter has no sour
taste, especially along the double thickness.

Place filter containing washed precipitate in 150 cc.

beaker, add enough standard NaOH solution to cause the

yellow colour of the precipitate tj disappear on macerating
the paper to a pulp with a rubber-tipped stirring rod.

Dilute to about 30 cc. with distilled water, add a drop ol

phenolphthalein solution, which should cause a deep ted

coloration, otherwise more standard NaOH solution is

needed; then titrate back carefully with standard HNO3
solution until tbe pink just disappears. Subtract total cc.

of acid used ftom total cc. of alkali used. The difterence

in cc. xooi = percentage P.

Table I.

—

Showing Effect 0/ Increasing amounts 0/ Nitric
Acid (f42 bp. gr.) on Phosphorus Recovery.

(This woik was done with i 63 gnu. samples oi U.S.
Bureau of Standards, 0120 P standard, 106).

Vanadium 15CC. HNO3 30CC.HN0a 40CC. HNO3 50CC.HNO3
added added. added. added. added.

Per cent. P found. P found. P found. P found.

f
0-I2I —

I
0'120 0-I2I

020 O'lig O 121 0I2I —
0'40 0'II4 O'llb OI2I —
0'6o o'lii o'ii7 o'l2o —
o 80 oiio o-ii6 0-I2I
i-oo Olio o'ii5 o'i2o iig

140 QUO OII>. 0'I2I Ot22
i'8o o 105 o'H2 0'ii9 0I2I
2'20 0099 OIII OII9 0120
2'6o 0093 0108 n'ii7 0117

None 0-I2I I
0'I2I

[ 0122

Kemarks.—The te.sts with the higher vanadium content
were more tardy in precipitating than the lower ones,
though all settled well after forty minutes standing.
Those to which 15 cc. cone. HNO3 were added gave deep
orange precipitates, darkening in colour about in propor-
tion to the vanadium content, clinging tightly to the
stirring rods and beakers. The three highest vanadiums
are lower in yield of phosphorus than the preceding ones
because of the impossibility of detaching the adhering pre-

cipitate from the stirring rods.

Those with 30 cc. cone. HNO3 were an improvement
in speed of precipitation, colour of precipitate, and
cltaiing ftom beakers and rods. Those with 40 cc.

and 50 cc. showed the best coloured precipitates; i.e.,

neatest the normal yellow phospbomolybdate colour, and
gave water-white washings, ftom which no recoveries of
phosphorus were made. The 50 cc. ones were a little

pronipier than the 40 cc, though both sets were i vast
improvement over the 15 cc. and 30 cc, and both cleaned
very easily from beakers and rods and gave good results.

The precipitate ftom the 15 cc. cone. HNO3 in par-
ticular seemed to be too finely divided, and passed through
the pores of the filter, necessitating reprecipitalion of the
washings in all those of higher vanadium 1 intent.

The vanadium was added as nitrate from an acid solu-

tion made as follows :—Fuse 45 grms. V2O3 (5614 pet
cent V) with 10 grms. Na2C03 in a platinum crucible for
ten to fifteen minutes. Let cool, place in a 400 cc. beaker,
add 10 cc. water, then HNO3 (i-20 sp. gr.) until efferves-

cence ceases, and 25 cc. in excess. Rmse off crucible
thoroughly with distilled water, cool solution to room
temperature, transfer to 500 cc flask, dilute to the mack
with water, stopper, and shake to mix thoroughly. One
cc. = 000505 grm. V. One per cent V in 1-63 gtm.
sample = 3 25 cc. solutirn.

Tne vanadium was added after the tests were weighed
and before the 45 cc. HNO3 (113 sp. gr.) were added.
The vanadium was, in each instance, reduced from
yellow to green, due to the action of the reducing gases
liberated by the reaction between the acid and the steel.

The 40 to 50 cc. cone, nitric added just before removing
from the fire caused the yellow vanadic colour to return.

Solutions Required.

Nitric Acid Jor Titrating.—Dilute 35-4 cc. HNO3 (i'<\2

jj. gr.) to 4000 cc. with distilled water.

Sti'C'i Solution of Si'diuin Hydroxide.—Dissolve 150
grms. N'.OH (C P. sticks) and i grm. Bi(0H)2 in 1000 cc.

water. Stir well, and ailow to stand tvventyfour hours.
Filter off the cliar solution (ot decant if preferable), and
dilute wiih an equal volume of distilled water. Put into

a 2-litre bottle, and close with a rubber stopper.

Sodium Hydroxide Solution for Titrating.—Dilute 566
cc. stock solution to 8000 cc. with distilled water.

Ferrous Sulphate Solution.—Dissolve 55 grms. steel

(low in phosphotus and su!phur) in looo cc. beaker in 720
cc H2S04 (i : 3). Add a little water occasionally to

prevent salting out, and heat gently, but do not boil.

Filter, cool, and dilute to rooo cc.

Concentrated Potassium Permanganate Solution.—Dis-
solve 50 grms. KMn04 in 1000 cc.

Nitrate Wash.—Dissolve 8 grms. KNO3 in 8000 cc.

water.

Acid Wash.— Dilute 102 4 cc. HNO3 (1-42 sp. gr.) to

8000 cc. water.

Faintly Ammoniacal Water Solution 0/ Ammonium
Molybdate.— Into each of four 800 cc. beakers weigh 55
grms. ammonium molybdate and 50 grms. ammonium
nitrate, and add 40 cc. ammonium hydroxide (0^95 sp. gr.).

Dilute each to 700 cc. with water. Heat for about thirty

minutes, stiiring once in a while until all salts are in solu-

tion. Combine contents of the four beakers by pouring
into a large bottle, then dilute to 4000 cc. with water.

Let stand over night. Filler the insoluble matetial

through double 15 cm. papers. Do not mash. The clear

sp
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solution thus obtained should remain clear indefinitely.

Do not filter out the insoluble material until the total mix-

ture from the (our beakers has stood over night.

U.—Mtthod for Phosphorus in U.S. Standard Steels and

Pig Irons to which have been Added 28 fer cent

Vanadium and in Ferro vanadium containing 56 7 per

cent Vanadium.

Procedure. — Weigh out 0-5 grm. steel and o'5 grm.

V2O5 (56'I4 pec cent V). Transfer to 250 cc. porclain

dish. Digest with a mixture of 30 cc. HCI (i'20 sp. gr.)

and 30 cc. HNO3 (1-42 sp. gr.) lor about one hour, then

rinse off cover, add 100 cc. HNOj (1-42 sp. gr.), and take

to dryness. IJake five minutes at 750° C. in an electric

muftle furnace.

Dissolve the oxides in 35 cc. cone. HCI, evaporate to

10 cc, add 50 cc. HNO3 (1-42 sp. gr.), take to 10 cc.

volume, then add 10 cc. more strong nitric acid, and heat

awhile with cover glass on. Filter through a platinum

Gooch crucible with a thin pad of acid-washed asbestos,

using suction. Wash 15 times, using the following

wash :—200 cc. HNO3 (1-42 s-p. gr.), 100 cc. water, and

20 grms. Fc(N05l3. Ferric nitrite made by dissolving

5 grms. low phosphorus, melting bar steel in 50 cc. HCI
(i : i) and taking to syrupiness twice with 50 cc. HNO3
(1-42 sp. gr.) each time.

Concentrate the filtrate from the separated V2O5 to 10

cc. in 150 cc. beaker, and filter out the second crop of

vanadium " rust" as before. A third concentration to

10 cc. should show no " rust " (V2O5).

To the third concentration add 40 cc. HNO3 (1 '42 sp.

gr.), and bring to a boil, rinse covet and sides with water,

and precipitate with 50 cc. of the faintly ammoniacal

ammonium molybdate solution. Stir vigorously for about

two minutes. Let stand one hour, filter, and wash as

described for steels containing up to 26 per cent V.

Titrate with alkali and acid in the usual manner.

Table \l.~ Results obtained Using this Method on

U.S. Standards.

VaOi
Ko. Standard added.

Mgrms.

1. Iron D, 6(1 V2O5 .. 500
2. Icon D. 6b V2O5 .

.

500

3. 106 VjOs 500

4. 106 V2O5 600

5. No. 20 Std. V2O5.. 500
6. No. 20 Std. V2O5 .

.

600

Per cent P
P found. given by
Percent. U.S. Govt

0'522 0526
0-531 0-531

0124 0-I20

0'II5 0120
0033 0'03i

0033 o 031

In the above procedure an average of o 007 pec cent was
found in the -VaOj added.

Table III.- -Phosphorus in Ferrovanadium, 567 per cent

Vanadium.

Author's method by removal of about two thicds

of V2O5
moniacal
cent P)

and precipitation with faintly am
ammonium molybdate solution {per

V2O5 reduced with Fe2S04and H2SO,. Precipita-

tion with acid molybdate solution. No -V re-

moved (per cent P)

0220

Acid molybdate precipitJtion. No extra HNOjf 0-053

added. No V removed (per cent P) (0108

Faintly ammoniacal ammonium molybdate precipi- ( Q.,g,
tation plus 40 cc. HNO3 (1-42 sp. gr.). No V, ^.^g^
removed (per cent P) I

III.— Method for Determining Phosphorus in Non-
lanadium Steels and Pig Iron, using a Faintly

Ammoniacal Water Solution of Ammonium .llolybdate.

Procedure.—Weigh 1-63 grm. sample into 150 cc.

beaker. Dissolve in 45 cc. HNO3 (113 sp. gr.) over low
fiame. (In case of pig iron and certain chrome steels,

when all metal is in solution filter off carbon residue

through 7 cm. paper, wash 15 times with dilute HNO3,
wash, catching filtrate in 150 cc. beaker. Concentrate
filtrate to original volume).

Add about 3 cc- of the KMn04 solution, boiling for

three minutes, then ju=t enough FCSO4 solution (about

3 cc.) to dissolve the oxides of manganese. Boil off

brown fumes. Add 15 cc. HNO) (1-42 sp. gr.). Rinse

cover and sides of beaker with least amount of water, add

50 cc. ammonium molybdate solution, and stir briskly

untfl phosphorus precipitate is completely formed (about

two minutes stirring). Let stand half an hour or less.

Fjlter through 7 cm. paper, wash 15 times with dilute

HNO3 wash, then with nitrate wash until the outside fold

of the filter has no sour taste. In case of high phos-

phorus samples this may mean as much as 35 or 40 times.

(The washings in such a case were kept separate from
the main filtrate, concentrated to 10 cc. acidified with

15 cc. cone HNO3, and 50 cc. of the ammonium
molybdate solution added. It was then allowed to stand

over night. Tnere were no recoveries, showing the in-

solubility of the precipitate in the wash).

Table IV.

—

Comparing Results obtained when using

Faintly Ammoniacal Water Solution with ihoee

obtained by use oj a Nitric Acid Solution of Ammonium
Molybdate. (See Iron Age, AptW 5, 1917).

Sligh'.Iy ammoniacal Nitric acid solution
Sample No. water solution of of ammonium

molybdate. molybda e.

Per cent P found. Per cent P found.

g 0054 0056
34 0023 0023
7132 0019 0018
3622 0-056 0-054

I 0-013 0014
2 0058 0058
4 0042 0044
5 0052 0-052

70,055 0-055 0052
80,042 0042 0044
•V, pig 0-736 0730
r, steel o-oo6 0-004

3641 o 050 0049
34 0025 o 025

39 0058 0-056

Pig iron Std. A . . .

.

0-097 0096

Table V.

—

Showing Results of Tests on U.S. Govt.
Standards.

Sample. P found. U ,S. Bureau P. value.

Per cent. Per cent.

Pig iron, D, third set. . 0610 0602

Pig iron, B 611 .. .. 0-104 0-105

Pig iron, D 6a .. .. 0540 0-545

Steel, 106 0-119 0-120

This method is the same as the one published by the

author in Iron Age, April 5, 1917, except that it was after-

wards found that more rapid precipitation of the yellow

precipitate was secured by the addition of 15 cc. of con-

centrated nitric acid (or 30 cc. i : i acid is safer to handle)

to the boiling solution of the sample just before removing

from the fire to add the molybdate solution, and 1-13 sp.

gr. HNO3 is used instead of 1-20 as the steels in general

dissolve more capidly in the 1-13 acid.
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Advantages oj lite Foregoing Mdhods for Ordinary
Routine Work on Plain and other Steels.

1. The simplicity of the preparation of the faintly

ammoniacal water solution ot ammonium molybdate as

compared with tlje elaborate method of preparing the old

acid molybdate solution in nitric acid.

2. The handling of the acid molybdate is disagreeable,

hard on the clothing and fingers of the operator and on

table tops. The slightly ammoniacal water solution is

harmless in these particulars.

3. As stated, the slightly ammoniacal water solution

keeps as clear as distilled water after it has been properly

filleted, and its precipitating power is constant, whereas

the old acid solution soon becomes turbid, and therefore

its precipitating power is continuously lessened.

4. The interference of vanadium up to at least 26 per

cent V in the determination of phosphorus is prevented in

a simple way, and the true phosphorus is obtained from

ferro-vanadium containing the very high vanadium content

of 56 7 per cent.
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ZIRCONIA: ITS UTILISATION AS A
REFRACTORY SUBSTANCE, AN OPACIFIER,

AND AN ABRASIVE.*

By M. A. GRANGER.

Although zirconium is one of the relatively rare elements

which have been known for a long time— it was discovered

by Klaproth in 17S9— for more than a century it has been

of interest only to laboratory chemists. Deposits of zir-

conilerous minerals in spite of their number and variety

were not extensive enough to warrant commercial exploita-

tion. It is only recently that zirconia, in consequence of

its remarkable refractory properties, has attracted the

attention of metallu.'gists and those who have to employ
really high temperatures.

The mmeral whi^h has been longest known as a source

of zirconium is zircon, or zirconium silicate. Zircon

occurs in more or less clear crystals possessing a bright

sparkle. It is sometimes colourless, but usually has a

more or less pronounced yellowish tint, according to the

stale of oxidation of the iron which accompanies it. The
composition of the mineral, in accordance with the

formula ZrSi04, would be si ica 33'04, zirconia 66 96.

Zircon occurs in various forms known as hyacinth,

malacon, tacuyapbaltiie, oerstedite, auerbachite, crystolite,

alvite. It is found in different localites— Ceylon, where

it occurs in the form of sand, Russia (Urals), Austria

(Tyrol), United States (North Carolina), Norway (near

Brevik), France (Epailly, Mon -Dore).

Zircon from Ceylon and Epailly belongs to the variety

known as hyacinth ; it is red in colour and transparent.

It is fairly hard, its hardness being 7-5. Its specific

gravity varies from 405 to 4'70. It is not attacked by
ordinary acids, but when reduced to a fine powder it is

attacked by hot sulphuric acid. It is decomposed also

when fused with bisulphates or alkaline carbonates.

A certain number of other zirconiferous minerals is

known, but their chemical nature is more complex than

that of zircon.

/?ose«6HSc/i((f.— Monoclinic ; fluo-silicate and titanate

of zirconium, sodium, and calcium of formula
eCaOSiOjaNajZrOjFj^Ti.SiOi.TiOj).

Laavenite.— Monoclinic ; fluo-silico-zirconate of sodium
and calcium, containing iron, manganese, fluorine, and
niobic acid.

Slightly abridged from Monitcur Scientifique, No. 925, igtg, p. 5.

Woehlerite.— Monoclinic ; fiuo-silicozircono-niobate of
calcium i2R.(SiZr)03RNb206.

Hiortdahtite is a tticlinic mineral to which the formula
4C3(SiZr)03Na2Zi02Fi is ascribed.

Eudyaltte is thombohediic ; it is a metasilicate of the
type R'4R"2Zr(Si03)7, which may may contain niobium or
tantalum.

Catapleite differs from the above minerals in being
hydrated ; it corresponds to H4(Na2Ca)ZrSi30ii and is

hexagonal.
All these minerals are more or less vitreous or resinous

in appearance, are less hard than zircon and lighter.

Their coloration is variable, but mostly their tint is yellow
or brown.
To give some idea of their complexity and the propor-

tion of zirconium in them we have prepared the accom-
panying table, giving the analysis of some zirconiferous
minerals.

The mrterials which we have just enumerated are the
classical sources of zirconia, especially zircon. It is this

last mineral which is mostly employed for the prepara-
tion of compounds of zirconium. The methods of treat-

ment are tedious.

(i ) The powdered zircon is treated with potash in a
silver crucible. It is taken up with water, treated with
hydrochloric acid, and in the solution separated from silica

the oxides of iron and zirconium are precipitated and
taken up with oxalic acid which dissolves the iron oxide.

(ii.) Another method depends on transforming the zircon
into zirconium chloride. Mixed with carbon and treated
with a current of chlorine it gives volatile silicon chloride
and zirconium chloride which condenses in the cold parts
of the apparatus.

(iii.) Marignac removed accidental traces of iron by
means of hydrochloric acid and acted on the powdered
mineral with potassium hydrogen fluoride. Thus a
soluble fluozirconate of potassium was obtained, and
could easily be separated from insoluble fluosilicatc. The
zirconia could readily be extracted from it by first con-
verting this salt into sulphate.

Such are the methods which were used in labora-
tories for the preparation of zirconia up to the time when
the problem arose of preparing it in large quantities.

For some years it has been known that there is an
important deposit of zirconia in Brazil at Porcos de Caldas,
200 kilometres from Sao Paul, in the State of the same
name. According to E. H. Rodd {yourn. Soc. Chem, Ind.,

1918, xxxvi., 213) the deposit covers an extensive
mountainous plateau, 48 km. long and 24 km. broad.
This mineral, called zirkite to distinguish it from another
Brazilian mineral baddeleyite, occurs in two forms

—

rounded pebbles 05 to 3 inches in diameter, known under
the name Favas in the country, and containing 90 to 93 per
cent of zirconia ; hard masses, grey to blue-black in

colour, and containing 73 to 85 per cent of zirconia.

Zirkite seems to contain three distinct minerals -an oxide
of zirconium, brazilite, zircon, and another silicate. The
deposits which are at present difficult of access are
exploited by the Foote Mineral Co., of Philadelphia, who
offer a mineral containing 80 per cent of zirconia at ;^30
a ton, a price which may be expected to fall very con-
siderably in the near future. No rational estimate of the
atnount of n^ineral in this deposit has been made, but
there seems to be no reason for fearing that it will become
exhausted, even if the demand unexpectedly increased.
Before the war large quantities of this zirconia were sent
to Germany, where its utilisation had been made the
subject of many researches.

Before discussing possible applications of zirconia as a
refractory product it will be well to enumerate the pro-

perties of pure zirconia. It is one of the most refractory

substances known ; its melting-point would be in the
neighbourhood of 3000°. Even when it contains i'25 per
cent of silica and iron oxide it does not fuse below 2500°.

The thermal conductivity of the fused pure material is

very low, and its coefficient of distillation is low

—
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Silica

Ziiconia
Titanic anhydiiJc .

Tantalic anbvliidc.

Niobic anhydride .

Ferric oxide .

.

Ferrous oxide .

.

Manganous oxide .

Lime
Magnesia
Lanthanum oxid.- .

Soda
Fluorine
Water
Loss at a red beat.

Zircon -

44 So
2970
6098

g-2o

II.

31 36
20 10

685

1-39

24 S7

033

583

III.

2917
2896
2 00
4''3

078
3"02

7 30

693

II 23

3^2

0-65

3 08

IV.

30 12

1611
0-42

12 85
I 20

I 00
2695
0-12

7-50

298

074

V.

50-36

1560

0-35

637
i-6i

9-23

VI.

46-52

29 33

i-40(Ala03)

0-49

VII.

7 40
8870
o-6o

410

4 66

1310 10 06
1-49 (CI) -
— 9"5
1-25 —

I. II Zircon from Ceylon. Li Zircon (ron Colorado.

IL Rosenbuschite from Langestinde (Norway).
in. Laav.;nite. .IV. Wocnletite from Langesund.
V. Eudyalite Irom Greenland. VI. Calapleite from Lingtsund.

VIL Natural zirconia from Biazil.

84 X 10-7, which compares favourably with that of car- ,

borunduin (6 58X 10-6) or alunduni (7 I X 10- S). Such a

substance can naturally be subjected to abrupt changes of
|

temperature without accident. Z'rconia is chemically

very inert and resists many ch-jmical agents. When
heated with silica (in eqiiimolecular proportions) to 3000".

it did not react ; the silica simply lused and penetrated

the pores of the zirconij. The reaction to which special

attention must be directed is its transformation into zir-

conium carbide when it is heated to a very hisk tempera-

ture in contact with carbon. 1 his is the cause of the

destruction of objects made of zirconia when ihey are

heated in an electiic furnace, especially in a resistance

furnace of granulated carbon. Zirconia, when raised to

a sufficiently high temperature, becomes a relatively good

conductor. Its specific conductiviiy, which is o'OOoS at

1200°, becomes 00034 at 1400". Tnis observation is of

some practical importance.

It was at the beginning of the twentieth century that

articles treating of the utilisation of zircor.i.t as a reftac

tory product began to make their appearance. Until

then zirconia was used only for making tablets for

oxyhydrogen lighting.

We will first summarise the memoirs published on the

subject which seem to us to be the most valuable for the

information they give.

The first researches appear to have been carried out a;

the testing laboratory (Versuchsanstali) of the Royal

Factory at Chatlottenburg during 1916. In igoS

Dr. Rieke published the result of researches which be

bad performed on the use of Brazilian zirconia as a

refractory product {Sprcchsaal, 190S, xli., 214 ; see also

"Natural Zirconia," by Wedekind, .WoiiJ/fHr .^c(V«(., 1913,

Ixxviii., 247I. At that time a Hamburg firm had put

on the market, under the name Brazilian zirconia, a sub

stance which unlike zircon contained chiefly zirconium

oxide. The richest zitconifcrous minerals then known
corresponded to the silicate (zircon) of formula ZiS O^,

containing a molecule of zirconia combined with a mole

cule of silica, with a theoretical percentage of 67 per cent

as we have said above. The principal impurity was iron

oxide, which might amount to g pet cent. The Brazilian

mineral consists chiefly of zirconium oxide associated v/ith

iron oxide, alumina, small quantities of titanic anhydride,

Ihoria, free silica, and silica combined with zirconium

ONide. The proportion ol zirconium varied from 80 to 97
per cent according to the purity. The refractory pro

pcrties of the mineral arc due to the large amount of

zirconia it contains.

The first researches were performed with a mineral con-

taining 84 per cent of zirconia, 5 per cent of iron oxide,

and small quantities of silica, alumina, titanic anhydride,
and water. This substance possessed remarkable hard-
ness and a high specific (gravity, viz., 5 to 6, while that

of the natural silicate lies between 4'5 and 3. Isolated

pieces were composed of spherical aggregates having a

radiating structure like that of pytolusite. The colour of

the mineral was bluish green ; on examination it was seen
that there were clear layers and brownish red regions con-
taining oxide of iron. Especially at the surface and in the

hollows 2nd depressions there were very ferruginous

layers. When isolated fragments were treated f Jt a long
lime with hot hydrochloric acid the greater part of the

iron oxide could be isolated, and the mineral then became
a clear brownish grey. This treatment of the mineral in

small pieces was insufficient, for it removed only the sur-

face layers of iron Gxide ; in the inteiiar the coloration

remained unchanged. The substance was crushed, and
with the aid of flour or starch tubes could be made about

30 cm. long, 6 cm. in external diameter, and 05 cm.
thick. The contraction on drvingwas i to 2 per cent, that

on burning rose to 4 per cent, at the niontre 15; the

porosity was .still fairly great and the colour was brown.
The tubes were then employed as heating tubes in a little

resistance furnace with granulated carbon. After burning

at the montre 30 the porosity was still 3 per cent and the

contraction rose to g to to per cent. At siill higher tem-
peratures the surface glazed and little vitreous bubbles

were produced ; the material then began to conduct, and
in order to avoid fusion tbe temp>:rature was not raised

further.

When the material was rapidly cooled cracks were
formed. On subjecting it after crushing to treatment with

HCI, part of the impurity was removed and the pieces

behaved better. With another specimen of the same
origin, containing 90 per cent of zirconia and purified

with HCI, still better results were obtained. Tubes could

be heated up to the montre 41—42, but after a time they

became conductors and lused in places. When the still

glowing tube was svithdrawn breakage occurred and the

fused parts sent out sparks. Very probably some carbide

had been formed where the carbon had come in contact

with the zirconia. The porous structure disappeared on
prolonged heating. Crucibles made with the ra*r mineral

broke when rapidly cooled. By making them of mineral

which had previously been reduced to large fragments

and strongly heated, crucibles which were remarkably
resistant to changes of temperature were obtained. No
vitrification was observed when they were heated below
the montre 30. It may be noted that when in contact

with carbon they become more porous after usage in con-

sequence of the volatilisation of the impurities.
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Tbese experiments show that the substance, in conse-

quence of its conductivity at a high tempetatuie, is not

absolutely suitable for making lubes for granulated carbon

furnaces, but on the other hand from it extraoruinardy

refractory crucibles can be made.
Another experimenter, L. Weiss {Zeit. Anorg. Cluiii.,

1910, Ixv., 178), published rather later, in collaboiation

with R. Lehmann, a series of reseatches on natural

zitconia. The mineral employed in his researches was
obtained from Brazil, and was a baddeleyite containing

85 to 93 per cent of zirconia. This product seems
identical w;ih (or at any rate of the same origin as) the

material used by Rieke. The author also recommends
treatment with acid to clean the mineral ; he states that

the following process gave pure zirconia. He heated in

a blast furnace 120 p.5tls of sodium sulphate, 35 parts ol

carbon, and 100 parts of the mineral with one-tbird of the

weight of sodium chloride as flux. The cooled and powdered

mass was taken up with water. The iron was converted into

sulphide, titanium into alkaline titanate, alumina into

aluminate. and silica into silicate. The soluble salts were

filtered off and the residue was treated with HCl or

H2SO4, which brought into solution part of the iron, the

aluminium, and the titanium. Thus he obtained a sub-

stance which was coloured grey owing to the excess of

carbon, and which was translormed by calcination into a

white mass. If it still contained iron it could be removed
by washing with acids.

The author also tried to obtain a still purer zirconia by

three other methods. The first consisted in acting on the

mineral with calcium fluoride and sulphuric acid, heating

for one to one and a half hours. The silica disappears

and the titanium partly volatilises ; it is then treated with

a little cold water, which dissolves the iron, aluminium,

and titanium, but hardly any of the zirconium, then a lo'.

o£ water is added, and the hct liquid is precipitated with

pstassium carbonate. It is filtered while hot to separate

the hydrates of iron, aluminium, and titanium. On con

centrating and cooling potassium fluozirconate is de

posited. The method of Maiignac with fluoihydrate 01

potassium fluoride can also be recommended. Finally

the powdered mineral can be made to react with calcium

fluoride and sulphuric acid in an iron tube lined with lead.

The reaction can be represented by the equations

—

Zr02+ 6HF = HjZiFfi-l 2HaO,

H2Z.F6-|-2H2S04 = Zi(S04)2+ 6HF.
At a high temperature the second equation is complete.

Thus large quantities of mineral can be treated with the

aid of a relatively small quantity of calcium fluoride.

With zircon the only really useful method is fusion v/ith

fluorhydrate of potassium fluoride. It it is necessary not

to volatilise titanium and silicon acid sodium sulphate

must be used, which acts as well as acid potassium sul-

phate and prevents the formation of the sulphate of zir-

conium and potassium.

To obtain zirconia the author uses a rather more com-
plicated method. Two kilogrms. of the finely powdered
mineral are treated with five or six times their weight of

acid sodium sulphate ; the fused mass is lixiviated and

the powdered residue is again fused with bisulphate.

Sodium carbonate is added to the green solution until a

persistent precipitate is formed ; it is then redissolved by

sulphuric acid, the solution is separated from sodium sul

phate which is deposited, and fractionated by the addition

of oxalic acid and ammonia. In order to precipitate th"

zirconia completely enough oxalic acid must be added lo

avoid the solution by ammonium oxalate of a double salt

of zirconium and ammonium. The last precipitate is

pure ferric hydrate. This fractional precipitation is

repeated. The purification is ended by transforming into

sulphate of zirconium and potassium and precipitating the

zirconia by potash, and finally converting into oxychloride.

This oxychloride is then evaporated with concentrated

sulphuric acid. Ammonium oxalate is added, the solution

is electrolysed, ammonium tartrate and ammonia added.

and a current of sulphuretted hydrogen is passed in, which
precipitates the iron ; it only remains to destroy the
organic salts, and zirconia is left.

The author also gives in his memoir a method of
analysis of the zirconium minerals of Brazil. It consists
in (using the mineral wi h acid sodium sulphate. Sul-
phuretted hydrogen is passed into the aqueous solution
to precipitate the platinum which may dissolve, and the
silica is eliminated. The latter may retain zirconia, which
is recovered by treatment with hydrofluoric acid, and
taking up with acid sodium sulphate. The solution from
this last treatment is added to the filterings from the
silica. Ammonium oxalate and tartrate are added to the
solution alter neutralisation with ammonia. The iron is

precipitated by sulphuretted hydrogen, a little alumina
being carried down mechanically. The filtrate is

evaporated and calcined, and then taken up with acid
sodium sulphate. The solution of the mass after fusion
is treated with hydrogen peroxide and the hydrate of

zirconia is precipitated by soda, while the titanium remains
dissolved as pertitanate. -

At the end of this research the author made various
attempts to make crucibles by mixing nine parts of zirconia
with one of magnesia. As agglomerant he used
phosphoric acid in some experiments. E; heating the cruci-

bles thus made to igoo° seven-tenths of the phosphoric acid
is set free. The author also tried clay. These crucibles

showed remarkable powers of resistance, but it is obvious
that the process of extraction employed is too costly to be
used practically.

The same year Richard Bayer published the result of
his researches carried out with zirconia, with the object of

making vessels from it. We give here the essential parts
of bis memoir. The first material used was natural
zirconia from Brazil, containing Zr02 8870, SiOa 7'40,
Fe203 4'io, T1O2 060 per cent.

When this materia! was powdered and treated with
hydrochloric acid 5 per cent of the impurities was dis-

solved, chiefly iron. The zirconia thus purified still con-
tains I 86 per cent of iron as ferric oxide. After calcina-

tiTn the iron could be dissolved by treatment with
hydrochloric acid, and the zirconia then contained only

165 per cent of ferric oxide, and was thus sufficiently

pure for a practical experiment. One treatment with
sulphuric acid gave 2 zirconia of the same degiee of

purity. Various methods of purification have been sug-

gested, without however yielding a remarkably pure
product. Lehmann ("Dissertation," Munich) described
in detail a process resembling Leblanc's soda process.

We have mentioned it above. Aiterwards the author re-

commended the addition of 20 per cent of sodium
bisulphrate. On lixiviating the mass the silica and titanic

acid were brought into solution ; the oxides of iron and
aluminium were dissolved by subsequent treatment with
hydrochloric acid. There remained a grey residue,

coloured by ex:e3s of carbon, which waa transformed by
one calcination into a little yellow substance. It con-
tained o 59 to I 03 per cent of ferric oxide. The direct

process described later is to be preferred to this process,

as it yields more easily a purer zirconia.

In practice the zirconia simply purified by acid is

usually good enough. Bayer, from whom we have
obtained these details, has made a critical study of the

methods he had at his di.-posal for the treatment of

zirconia— (i.) Treatment with hydrofluoric acid, (ii.)

Transforniation into carbide, (iii.) Treatment with sul-

phuric acid or bisulpbates. (iv.) Alkaline fusion.

Of these methods that adopted by Marignac— treat-

ment of the impure zirconia with hydrofluoric acid or its

salts— is the best. The mass is fused with three times
its weight of acid potassium fluoride, taken up with water
to which have been added, on the recommendation of

Woehler, some drops of hydrofluoric acid. Fluosilicate

of potassium is deposited almost quantitatively; on
cooling the liquid colourless crystals of the double
fluoride of zirconium and potassium are deposited and



ii8 A ction oj UUra-violet Rays on Sugar-cane, &c Chbuical News
! March 7, Igig

can be brought to a state o( perlecl purity by recrysial-

lisation. Tnc reaction is quantitative and tbc yiclu very
good. The zitco iia can be extracted Irom this salt by
Hornbcrger's mcihod, viz., evaporating the fluo-zirconate
to dryness with suipburic acid, dissolving the zirconium
sulphate in water, and precipitating with ammonia. The
precipitate thus obtained still contains alkalis, so that it

must be tedissolvcd and again precipitated. This method,
which is suitable for laboratory use and presents no
difficulty, cannot be recommended for technical purposes,
chiefly in view of the high price of acid potassium
fluoride,

(To be continued}.

THE ACTION OF ULTR.\-VIOLET RAYS ON
SUGAR-CANE, PINEAPPLE, AND

BANANA, IN HAWAI.

By T. TSUJI.

The author made a prolonged study of the action of ultra-

violet rays on plant physiology. In the paper under review

he describes his recent investigations, which show pre-

fectly clearly the connection between the action of these

rays and the formation of carbohydrates, acid-i, and other

compounds in sugarcane, pineapple, banana, and other

tropical plants.

:^ugar-cane.—Perfectly normal sugar-canes were grown
in the dark at a temperature of 22° C. ; they grew but

became pale. Thiity days later they were divided into

two lots, one of which was exposed to direct sunlight, the

other to ultra-violet rays Irom a quartz mercury vapour
lamp. The etiolated leaves subjected to the action of

ultra-violet rays turned a deep green after two and a half

hours, whereas those exposed simply to sunlight kept their

yellow, etiolated colour.

In another experiment three lots of sugar-cane were
planted. One was covered with coloured glass (to inter-

cept 50 per cent of the ultraviolet rays of the sunlight),

the second was exposed normally to sunlight, and the third

to the combined action of the sunlight and that of the

mercury vapour lamp. These three lots received equal

amounts of fertiliser. After several months the second
lot was found to contain 30 per cent more sugar than the

first, and the third lot 8 per cent more than the second.

The increase in the weight of the sugar of each lot

respectively in a given time points to the possibility of

reducing the twenty months normally required for each

sugar harvest to less than one year by the use of ultra-

violet rays.

Pineapple and Banana.—Pineapples exposed to the

action of ultra-violet rays ripen more rapidly than those

exposed to sunlight only. Pineapples were subjected to

the action of uhta-violet rays for forty minutes each

morning; the fruit was riper, more juicy, and larger than

that exposed to sunlight only. The same favourable

action was observed on the banana. Banana leaves and

stalks which had been cut and placed in water kept their

original freshness even after two weeks when they had
previously been subjected to the action o( ultra violet

rays, whereas other untreated material was faded com-
pletely after six or seven days. The author sees in this a

means of preventing the deterioration of exported

bananas, but lays stress on the care necessary in the

treatment as the distance, duration, and intensity have to

be very carefully regulated to prevent bad effects.

Practical Sources 0/ Ultra-violet Rjys.—The ultra-

violet rays of sunlight are quickly absorbed by the

atmospheric gases, and only a small proportion of

them reaches the surface of the earth. The use of

mercury lamps is too expensive for practical application.

The author, theiefore, has attempted to devise mote

economical methods. In his latest system the ultra-violet

rays are derived from small carbon rods impregnated with

sodium tungsiate, uranium nitrate, ammonium niolybdate,
and titanous chloride.

—

Louisiana Planter and Hugar
Manufacturer, Ix., No. 26.

BRITISH SCIENTIFIC PRODUCTS
EXHIBITION, igig.

The King has graciously consented lo act as President of

the British Scientific Products Exhibition, 1919, which
will be held at the Central Hall, Wcsimmster. duiing the
month of July. Tne President r)t the Exhibition is the
Marquess of Crewe, KG., and Prof. R. \. Gregory is

Chairman of the Organising Committee.
The Biiiish Science Guild has been encouraged to

organise this Exhibition by the success which attended
that held at King's College last summer and the more
recent Exhibition at Manchester. Now that many inven-

tions can be shown which could not be put before the

public during the war, there is every prospect that this

years Exhibition will be even more successiul than its

predecessors. The objects of the Exhibition will be to

illustrate recent progress in British science and invention

and to help the establishment and development of new
Biitish industries. Such an Exhibition will enable new
appliances and devices to be displayed before a large

public and will provide progressive manufacturers with an
opportunity of examining inventions likely to be of service

to them, thus serving as a kind of clearing house for

inventors and manufacturers, as well as illustrating

developments in science and industry.

The Exhibition will include Sections dealing with

Chemistry, Metallurgy, Physics, Agriculture and Foods,

iMc;hanical and Electrical Engineering, Education,

P'per, Illustration and Typography, Medicine and
Surgery, Fuels, Aircralt, and Textiles. Finns desirous

of exhibiting are invited to communicate with the

Organising Secretary, Mr. F. S. Spiers, 82, Victoria

Street, London, S.W. I.

PROCEEDINGS OF SOCIETIES-

ROYAL SOCIETY.
Ordinary Meeting, February 20, 1919.

Sit J. J. Thomson, President, in the Chair.

The following papets were read :
—

" Dental Changes in the Teeth of the Guinea-pig pro-

duced by a Scorbutic Diet." By S. S. ZiLVAand E. M.
Wells.
The structure of the teeth of guinea pigs subsisting on

a scorbuti: diet undergoes radical changes. The ultimate

change is characterised by the total disorganisation of the

pulp, Including the odontoblastic cells. The earliest

modification is observed at a period when no other

systemic abnormality can be recorded with certainty,

and is characterised by the alterations in the odontoblastic

caJls and the dilatation of the blood vessels of the pulp.

Monkeys' teeth ate also affected when these animals exist

on a scorbutic diet. The bearing of the above results on

human subjects is discussed.

" On a New Factor in the Mechanism 0] Bacterial

Infection:' By W. E. Bullock and \V. Cramer.
The bacteria of gas gangrene (B. Welchii. Vibrion

septique, and B. tcdemaliens) and of tetanus, when com-

pletely freed from their toxins either by washing or by

heating to 80^ for half an hour so that spores are formed,

do not produce the specific disease when injected into a
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mouse or a guinea pig. The notmal animal disposes of

the bacteria mainly by lysis and pattly also by phago-

cytosis, and this defensive mechanism is so efficient as to

tender these bacteria non-pathogenic when injected by

themselves.

It a small dose of a soluble ionisable calcium salt is

injected together with the bacteria of their spores, the

specific disease is elicited in a very virulent form. Tne
chlorides of sodium, potassium, ammonium, strontium,

and magnesium, when injected together with B. Welchii,

are not capable of producing gas gangrene.

A direct contact between the bacteria and the calcium

salt is not essemial. The phenomenon will occur if the

bacterial suspension and the calcium salt are injected at

different times into the same site, or into different sites at

the same time or at dilTcrent times.

From these experiments and other experimental evidence

the conclusion is drawn that calcium salts when injected

subcutaneously produce a local change in the tissues at

the site of injection. The effect of this dosage is to bring

about a local breaking down of the defensive mechanism
against the bacteria of gas gangrene and tetanus. The
term "kataphylaxis " is proposed to designate this new
phenomenon.

Sterile watery extracts of earth are capable of producing

this phenomenon. They may owe this pioperty in many
cases entirely to the presence of calcium salts, but there

is some evidence that in some cases the extracts of earth

owe their kataphylactic action to the presence of another

chemical substance or substances, which have not yet

been identified.

The bearing of these observations on the etiology of

gas gangrene and tetanus is discussed.

" The Distribution of the Serological Types of B. tetani

in Wounds of Men who received Prophylactic Inoculation,

and a Study of the Mechanism of Infection in, and Im
munity from, Tetanus." By Mdjor W, J. TuLLOCH.

In a previous communication to the Royal S jciciy it was
shown that B. tetani was susceptible of classification into

a number of gioups differing one from another in their

serological reactions.

As this finding might have an Important bearing on

the preparation of anti-toxin, as many strains of B. tetani

as possible were investigated by the agglutination

method —
(i.) From cases of the disease ;

(11.) F(om wounds of men showing no evidence cf

tetanus.

The results obtaieed show that Type I. bacilli are but

relatively inftequenily obtained from wounds of inoculated

men suffering from tetanus. Thus ig out of 25 (76 per

ceni) strains obtained from the wounds of men who
showed no evidence of tetanus proved to be Type I.

bacilli, while 41 per cent of the strains obtained from men
suffering from the disease proved to be of this type.

This obseivation suggested that there was pobsibly a

mono typical immunity to each serological type, for the

serum used for prophylaxis was prepared mainly from the

products of Type I. bacilli.

Experiments were undertaken to investigate this question

of mono-typical immunity. It was found that

—

(a) Mono-typical anti-toxin neutralises the toxins of all

the types.

(6) Opsonic experiments using mono-typical anti-

bacterial sen show that the activity of these is

specific in relation to the serological types.

[c) Experiments undertaken to determine the "anti-

inieciive" value of anti-toxic and anti-bacterial

seta suggest, but do not prove, that mono-typical

sera protect more adequately against infection with

homologous strains than against that with hetero-

logous strains.

(d) These experiments offered an opportunity of studying

the mechanism of infect'.on with B. tetani; they

indicate that the precise quality, as well as the

degree, of tissue debility, produced by injury, is of
importance in initiating the process of infection in

tetanus,

(e) Exc'sion of wounds appears to minimise the danget
of anaerobe infections, but no dressing proved to

be of special value in this respect.

INSTITUTE OF CHEMISTRY.
Annual General Meeting, March 3, 1919.

Sir Herbert Jackson, the President, referred to the
work of the Institute during the war. The record afforded
an example of the value to the country of organised pro-
fessional bodies in times of crisis. The Report contained
a concise statement indicating the various directions in

which chemists had rendered good service, both with the
forces and in industries connected with the war.
The Institute is now co-operating with the Appoint-

ments Department of the Ministiy of Labour in the re-

settlement in civil life of those who have been so engaged,
and it is hoped that with the return of more normal con-
ditions chemists will be utilised to the fullest benefit in

the application of their science to i.ie industries of the
country. The President, in referring to the losses sus-
tained by the profession, mentioned especially Lieut. -Col.
E. F. Harrison, who will always be remembered for his

exceptional work in the provision of means of defence
against poisonous gas attacks, to which work he un-
doubtedly sacrificed his life.

The Institute has before it a period of reconstruction,
and will endeavour to bring together in one body the
trained and competent chemists both for their own benefit

and (or that of the community. The Regulations had
been modified on such a broad basis that it was hoped all

qualified chemists would be able to take part in promoting
the welfare of their profession. The Council hoped in

the neat future to arrange a conference to review the sub-
ject of the training for a chemist. Local Sections are
being formed in various parts of the country, and the
method of the election of the Council will be amended to

ensure that its constitution is properly representative of
all districts and all branches of professional work. Events
of the war have dons much to establish the claim of

chemists to greater recognition than has been accorded
them in the past. The Council have recently prepared a
scheme of Government Chemical Service which they hope
will secure better conditions for chemists holding appoint-
ments under various departments. The vital importance
of chemical service to the State had been clearly demon-
strated in recent years, and a good example set by the
Government would go far to bring home to the public the
importance of chemistry to industry and commerce.

The Officers and Members of Council for the ensuing
year were elected as follows :

—

President— Sic Herbert Jackson, K.B E., F.R.S.
Vice-Presidents—William Thomas Burgess ; Charles

Frederick Cross, B Sc, F.R.S.
; Sir James Johnston

Dobbie, LL.D., F.R.S. ; Gilbert Thomas Morgan, D.Sc,
F.R.S. ; Sr Robert Rjbettson, K.B.E., F.R.S; George
Stubbs, O.B.E.
Hon. Treasurer—Edward William Voelcker, A.R.S.M,
Members of Council William Bacon, B Sc. ; Edward

Charles Cyril Baly, F.R S. ; Oscar Lisle Brady, D.Sc.
;

Francis Howard Carr ; Alfred Chaston Chapman ; Cecil
Howard Cribb, B Sc. ; Alexander Charles Cumming,
O BE., D.Sc. ; Frederick George Donnan, M.A.. Ph.D.,
F.R S.

; J )hn Thomas Dunn, D.Sc. ; Alexander Findlay,
M.A., D.Sc, Ph.D.; George Watson Gray; Frank
William Harbord, C.B.E., A.RS.M.; Ernest Mostyn
Hawkins ; Harold George Lacell, A.R.C.S.

; Joseph
Henry Lester, M.Sc. ; Frederick James Lloyd; William
Macnab; Andrew More, A.R.C.S. ; George Henry Perry,

M.B.E., B.Sc, A.R.C.S.; Benjamin Dawson Porritt,
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M.Sc. ; Francis Martin Poller, M.B.E., B.Sc, A.R.C.S.

;

William Rintoal, OB E. ; Hirry Sihestsr, B.Sc; Ernest

Woodhouse Smiib. D.Sc. : L:onard Ellerton Vlies;

Edmund White, B Sc. ; William Maurice Gaihoine

Young.

NOTICES OF BOOKS.

Aids ill the Commercial Analysis of Oils, Fnts and their

Commercial Iroducts. By George Fenwick Pickering

London: Charles Gr.fliri and Co., Lid. Pp.viii + 133

Price 7s. 6i. net.

The methods described in this book are those which have

been found most useful in woiks' laboratories, and the

authoi's extensive txncrience In the analysis of fats and

oils enables him to give much infoimation which is not to

be found elsewhere. All the figures given are published

(or the first time, and thioughout ihe book great care has

been taken to slate precisely what standard of accuracy is

to be aimed at. The authai's advice is thoroughly

praclical and reliable, and he not only gives full

details as to the procedure which is to be adopted

in various cases, but he also points out what not to do,

and how to avoid error in carrying out the tests. The

txaminaticn of the physical and chemical properties ol

oils and fats in general is first discu.-6;d, and statis;ic^

and data are given in sufficient number to enable the

chemist to decide as to the purity of any given sample

The qualitative detection of ditlerar<t oils is then

described vtry fully and completely, a comparatively long

chapter being devoted to glycerine and a full account

being given of methods of examination of recovered pro-

ducts. For chemists engaged in oil analysis no more

useful and concise laboratory guide could be found.

BOOKS RECEIVED.
" Statistics of the Synthetic Dyestuffs imported into the

United Kingdom during the year 1913. Pp. x-|-i68.

Printed under the Authority of His Majesty's

Staionery Office.

•'The Bulletin of the Federation of British Industries."

Lyons Fair Edition. Pp. 122.

NOTES ANU queries.

•,* Our Notes, anJ Queriescclumn was opened for ihe purpose of giving

'and obtaining infoimalion I'kely 10 be of use 10 our readets generally

We cannot underiake to let ihis column be ilie means of itansmmtnt

merely private information, or such liade notices as should legilimalel)

come in the advertisement columns.

Ernolith.-A correspondent is anxious for information as to sources

of supply of this material, and will be grateful if any reader will pro-

vide him with the s-me.

MbETINuS FOK THK WEEK.

Monday, loth.—Royal Societyof Arts, 4 30. (Cantor Lectures). "Coal

and iis Conservation," by Prof W. A. Bone.

Ceramic Society, 7. (In the Central Schools of

Science and Technology, broke - on • Trent).

" Nigerian Pottery," by D. Roberts.

Tuesday, nth.— Royal Institution, 3 "Insect Problems," by Prof.

H. Maxwell Lefroy.

Wednesday, nth,—Royal Society of Arts, 4.30. " Electric W elding

and its Applications," by \V. L LorVin.

Thursday, 13th. -Ryal Institution, 3. "Whistler and Sargent,
'
by

Charles Aitken.
Royal Society of Arts, 4.30. "The Report of the

Indian I'ldustrial Commission,'* by D. T.

Chadwick.
Royal Society, 4 30.

, „ , ,, . ,

FRln\Y 14 h.—Riyal Institution, 5 30 " The Organ of Hearing from
rxii AT, 4 J

^^^^ p^._^^ ^j View," by Prof. A Keith.

Saturday, i5th.-Ro>al Instiiul.on, 3 "Spectrum Analysis and its

Application to Atomic Structure, ' by Prof. Sir J. )

Thomson, CM.

Royal Institution. -Captain Thomson will deliver his

po-iponed lecture on " The Dynamics of Flying" at the

Ro>al Institution on Monday, March 10, at 3 o'clock.

Assistant, aged 21 to 24 years, required in

Analyst's Laboratory —Write, giving particulars of experience,

iS:c,, to O. A., care cf Street's, 30, Corphill, E.G. 3.

Assistant Analyst (Woman), four years' ex-
perience in General Analytical Laboratory (Foods, Brewing-

sugars and Malts, Chemicals, &c.), desires London permanency.
Matriculated with Chemistry. Salary £150.—Address, V. A. H.,

Chemical News Office, 16, Newcastle Street, Farringdon Street,

London, E.C. 4.

Demobilised Cadet (19) requires Situation in
Laboratory. Good all round education ; Public School.

Passed Inter. B.Sc. One year's previous experience.— Address,

j. C. H., 23, Westcott Street, Hull.

TJ^rench Young Man, aged 20 (French Bacca-
.*- laureate Sc. Phil.), requires Employment in Chemical Works
or Laboratory. — Address, J. M. Lerpette, 22, Rue des Guetteries,

Tours (T. es L.), France.

VV'
o lieAJorks Analytical Chemist required.

' conversant with Soap Manufacture, Nicotine Extractions, and
Agricultural and Horticultural Preparations. State full particulars

and salary required.—.Address, W. A , Chemical News Office,; 1

.Newcastle Street, Farringdon Street, London, E.C. 4.

FOR SALE.
-^ase of MATERIA MEDICA SPECIMENSc for Pharmaceutical Students,
PROCEEDINGS OF ROYAL SOCIETY, Series B, igio-i3.

Also PHILOSOPHICAL TRANSACTIONS.
BIOCHEMICAL JOURNAL, 1913- 7.

JOURNAL OF CHEMICAL SOCIETY, PROCEEDINGS, and
ANNUAL RtiPORTS, 1912-16.

CHEMICAL NEWS, 1507-9.

-.-address, " Westdean," 99, York Road, Aldershot.

BATTERSEA POLYTECHNIC,
London, S.W. 11.

'["^he Governing Body invite applications for
J- the Posiiion af PRIN'CIPAL of ihe Polytechnic. The com-

mencing salary of ihis appoiniment will rarge Iiom iSoo to £iooo a

year, according to qualifications, and will rise by annual increments of

I 20 to a maximum of ^looc a year. The appointment will date frc-m

September ist next.
Applicatiois must be received on or before Saturday, April ;th

next.

For particulars apply at once to the Clerk to the Governing Body,
Battersea Polytechnic, S.W. ii.

LINEN INDUSTRY RESEARCH
ASSOCIATION.

A pplications are invited for the Post of
•^ DIRECTOR OF RESEARCH for the Linen Industry Research
Association.
Candidates should stale their Scientific and other qualifications,

such as administrative, industiial, tS:c., and furutsb the names of three

references.
The functions of the selected candidate will be to make a survey of

the entire field of Research in the Linen Industry from the growing of

he flax to the complei'on of the finished product, to draw up a pro-

gramme of Research, to organise the scheme, and lo supervise its

carrying out.

A salary of not less than £1000 a year is offered.

Further particulars and the Prospectus of the Association may be

obtained from the SEcnEiAKV, 3, Bedford Stieet, Belfast.

PORTSMOUTH MUNICIPAL COLLEGE.

Principal-OLtVER FREE.'VIAN, Wh.Sc, A.R.C.S., B Sc.

APPOINTMENT OF LECTURER IN CHEMISTRY.

A pplications are invited tor the Position of a^ LECTURER IN CHEMISTRY at the Portsmouth Menicipal

College.
Salary from ^faoo to ;f300 per annum, according to qualincatiCDS

and experience.
.\pplicalion Foims and further particulars may be obtained by for-

warding a statupcd addressed foolscap envelope to the Secretary,
OlTices for Higher Education, The Municipal College, Portsmouth, to

whom jpplicatioDS should be returned, accompanied by copies of not

more than three recent testimonials, at once.

H. E. CURTIS, Secretary.
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ZIRCONIA : ITS UTILISATION AS A
REFRACTORY SUBSTANCE, AN OPACIFIER,

AND AN ABRASIVE.*

By M. A. GRANGER.
(Concluded from p. 118}.

V.\Riou.s workers—Troost, Moissan and Lengfel, Wede-
kind among others— bave shown that zirconia is trans

formed quantitatively into carbide in the electric furnace,
when it is heated with carbon, and according to Wedekind
the reaction is facilitated by the addition of linie. This
carbide of zirconium is fairly stable ; it is only slightly

attacked even by aqua regla. Otving to the high tem-
perature employed the most important impurities, such as

iron and silica, are almost completely volatilised.

Lehrmann suggested heating the carbide in an oxidising

atmosphere ; then carbon remains as graphite, and can be
removed by levigation. The oxide of zirconium thus
obtained still contains about o 18 per cent of ferric oxide.

One single treatment with sulphuric acid or bisulphates is

never sufficient, even when the mineral has previously

been brought into a very fine state of division. Treat-
ment with alkaline carbonates, with or without the addi-

tion of nitrate, and fusion with alkalis lead to the same
result. In every case the mass became too fluid consider-

ably below the temperature at which the reagents could
act on the zirconia, s) that the mineral fell to the bottom
of the crucible and did not mix with the fiux. This led

to an attempt to extract the zirconia with a difficultly

fusible alkaline earth carbonate. Very few data relative

to the extraction of zirconia by alkaline carbonates have
been published. Berthier is the oily one who has extracted

zirconia by fusing zircon in a carbon crucible with quartz

and marble (zircon, 10; quartz, 33 ; marble, ii-i). The
iron must be reduced and serves as a metallic regulus.

Wedekind used chalk to bring about the trai'sformation

into carbide. The alkaline earth did not act as a re-

agent, but was transformed into carbide, which accelerated

the formation of zirconium carbide. Barium carbonate
has beep used, because at the high temperatnre necessary

for the reduction this salt is not transformed into oxide.

The reaction may be represented as follows :
—

(i.) BaCOj+ ZiOi-^ ZrOjBa+ CO^,

(ii.) Zt0i + 2CaC0i -> Zr04Ca2 I 2CO2.

The author has not Investigated which is the chief of

these two reactions ; in order to be sure of having
carbonate present in excess he calculated on the basis of

Equation (ii.), and used four times the weight of barium
carbonate. The mixture was heated for haif-an-bour to

1400° in a platinum crucible, and then kept at this tem-
perature for another half-hour. The reaction is quantita-

tive if this procedure is followed. It is not advisable to

beat too strongly ; in consequence of low conductivity

the agglomerated mass would contain an unattacked
nucleus. Then the mass is treated with hydrochloric

acid diluted with two volumes of water. It is evaporated
to dryness to separate the silica. The residue is taken

up with dilute hydrochloric acid. A small quantity of

zirconium oxychlotide is retained by the silica, and the

zirconia in solution retains a small quantity of silica

(about 02 per cent). The chief difficulty is due to the

removal of iron. Berthier and Woehler suggested trans-

forming the iron into sulphide and acting with sulphurous

acid. Hermann and Stromeyer precipitated the zirconia

Slightly abridged from M :intenr Sctcntifiqiie, No. 925, igrg, p. 5.

with sodium hyposulphite. Dietrich and Freund prefer
to treat the iron in solution in a weak mineral acid and to
heat in absence of air with a solution of sodium acetate,
which precipitates the hydrate of zirconia. Bailly pre-
cipitated the zirconia with peroxide of hydrogen in acid
solution, the iron remaining dissolved. Geisow and
Horckheimer made the solution alkaline and added
hydrogen peroxide to keep the zirconia. Hillebrand pre-
cipitates the zirconia in a feebly acid solution by hydrogen
peroxide and disodium phosphate. Dubois and Silveira
and also Woehler, dissolve in oxalic acid the oxide of iron
contained in the precipitate which ammonia gives.
Berzelius separates the zirconium as double sulphate by
adding a hot concentrated solution of potassium sulphate.
Seidel gives the preference to precipitation as fluoride.
Hauser dissolves the sulphate obtained by heating the
mineral till no more fumes are evolved with concentrated
sulphuric acid, and then diluting with much water, when
a basic precipitate is obtained containing 667 per cent of
the zirconia present.

The most complete separation is effe:ted by adopting
the method of Berzelius as modified by Wedekind. After
the addition of tartaric acid the iron is quantitatively pre-
cipitated without a trace of zirconia in mmoniacal solu-
tion by means of sulphuretted hydrogen. This method is

useful in analysis, but is not applicable for a commercial
separation owing to the cost of tartaric acid and the com-
plicated later treatment of the solution. The most con-
venient method is that of Wedekind, based upon the
fractional crystallisation of the zirconia as cxychloride in
solution in hydrochloric acid. Barium does not interfere
with this reaction. The first crystallisations contain most
of it, but the last only slight traces. This barium, which
adulterates the cxychloride, can easily be removed after
the transformation of oxychloride into hydroxide. The
crystals are dissolved in water, the solution is precipitated
whilst hot with ammonia, and the hydrate of zirconia thus
obtained is washed by decantation. It is then calcined to
convert it into zirconia. The zirconia thus obtained is

very pure ; alumina and titania remain with iron oxide in

the mother-liquor.

In order to obtain information as to the practical
utilisation of the process Brazilian zirconia was first

treated with hydrochloric acid, and 700 grms. of this pro-
duct were mixed with 2800 grms. of barium carbonate.
The whole was heated in a plumbago crucible in a blow-
pipe furnace for an hour without success. In order to
obtain any result a long and steady heating is required,
like that of an earthenware or porcelain furnace.
By using the method of separation described above a

hydrate of zirconia was obtained and transferred to a
filter-press. This hydrate forms a jelly which is difficult

to wash and to filter and contains only 8 per cent of
ZrOi- The yield was 80 per cent, giving 497 per cent
anhydrous zirconia. This zirconia contained as impurity
019 to 0325 per cent of silica, a little less than o-oi per
cent of iron oxide, and no titania.

To make vessels of ziiconia a binding material is neces-
sary, and the use of ziiconia hydrate has been tried for

the purp. se. (H. S. Claire-Deville suggested an analogous
method for making crucibles of alumina). The vessels
were so fragile that another binding material had to be
found. Starch is specially appropriate. It was intimately
mixed with the hydrate and allowed to dry in the air for

some hours until.it contained g to 10 per cent of zirconia
(calculated as Z1O2). This addition produces no ill

effects, as starch burns easily at a red heat. The
gelatinous hydrate mixed with the calcined hydrate or
with Brazilian zirconia simply purified by treatment with
hydrochloric acid gave a mass which could be kneaded.
After several experiments it v/as found that plaster

moistened with a little water makes the best mould. The
damping was designed to prevent too rapid desiccation

;

for the same purpose the mould could be covered with
a layer of graphite. To make the hollow a core of wood
covered with tin-foil was used, kept exactly in the centre
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of the mass by a vertical bar. The tin-foil was removed

by means of a small piir of pincers. .^Ucr two hours the

vessel could be lifted tro.n the mould. Ii wis allowed to

dry for a day in damp air and for the same time in dry

air and then at 50^ and too'. Finally it was raised to a

red heat and baked.

These operiments showed that ordinary baking was not

sufficient (or zirconia crucibles, as might be foreseen (rom

the properties of zircoma. Same crucibles were baked

at considerably higher temperatures, such as those obtained

with a Henipel resistance furnace. Thus iooo -2300'

could be reached. In these conditions remarkable results

were obtained ; the crucib'.es which had till then been

very friable became very decidedly solid. Crucibles of

pure zirconia revealed a superficial forniaiion of carbide

which made them fragile; it is probable that the tem-

pirature was still no low, but it is also possible that in

order to make it bind traces of iron and silica are

necessary.

These crucibles of raw zirconia, which were resistant 10

chemical action and were not attjckad by reagents, were

also remarkably resistant towards abrunt changes ol tem-

perature. They CJuU be heated rapiily in a blowpipe

tlime, and when incandescent could bs plunged into water

without being dannijed. It was particularly interesting

to be able to determine the melting-p jint of the material

used for making these crucibles. It is diffi;ult to give

details, for the only source which could be used was the

flame of the electric arc. As a guide it may be said that

this refractory material would stand 2300° without

accident.

Zirconia is thus one of the most refractory substance-;

known, and only carbon would surpass it, but zirconia

would have the advantage of usually being very slightly

reactive. Zirconia is the only insulator which can resist

a current of average tension up to 2000°. (This is in

contradiction to the results of Ricke and my own
observat'ons).

Tne author concludes his article by quoting the

Allgemeine Eleklriziliits Gesellschalt of Berlin, as having

manufactured crucibles of agglomerated zirconia with a

composition which was kept secret, but which would leave

a residue of 0-38 per cent of magnesia and 4' 15 per cent

ot potash and soda.

J. A. Audley has made some interesting observations on

the subject of the employment of zirconia {Trans. Am.
Ceramic Soc, igi6, xvi.. I2t). The tiist material which

he employed was baddeleyite; it contained Sz to gj per

cent of zirconium oxide, and he also used Brazilian zircon

coming from monazite sands. He fused the zirconia in

an electric furnace, consu ning 300 amperes at 70 volts.

He made bricks with raw baddeleyite agglomerated with

a little clay, and he s-howed that these bricks resisted a

temperature of 1650'^ provided that they had been baked

at a higher temperature ; otherwise they split. The use

of material which had been treated with a dilute acid to

extract the o.\iie of iron gave better results. He also

made crucibles with a binding material such as glucine,

alumina, thoria, and yttria, provided that he did not in-

troduce more than i per cent. Silica and magnesia could

not be used because they volitilise at about 2000^. These

crucibles, when heated to 2000', acqu re a crystalline

structure, and keep their shape to 2400' if the heating is

regular. Though harder and more compact than clay

crucibles they carbonise readily, and could not be used

more than three limes. VVnen the natural substance was
used for miking the crucibles they became covered with

bubbles below 2000. If the ctuciblis were well made
and were subjected to prolonged healing a loss of weight was
obierved owing to the reduction o( the zirconia to a lower

oxide, thefocmitian of carbide, and the volatilisaiiDn of

the oxides added, and tha zirconia. Finally, the crucibles

br jke owing to the transformations produced by the sue

eessive oxiditi)n3 and reductions of the miss, .\niong

other authors we must mention Rjflf (Zeit. Anorg. Chem.,

rijt4, xxxvi , S61 ; tgiC. xcvii., 73) and Podszus {/Ceil.

Aiigtut. Chem., 1917, xx\., 17), who also published
articles on experiments with zirconia, without, however,
giving any mote valuable information than their pre-

decessors. Ruff tried magnesia as binding material and
additions of rare earths. His observations confirm the
facts already described, i^odszus also published a memoir,
the most interesting results in which related to tne use of

fused zirconia. He described a furnace of fused zirconia,

heated by an oxyhydrogen flame, and capable of being
raised to 2500".

Hitherto we have dealt only with laboratory researches,
and it the employment of zirconia could have no develop-
ment outside this restricted sphere we should not have
called the attention of our readers to it. The first article,

as far as I know, which gave InformaliDn relating to the
practical employment of zirconia was published by Meyer
in igi3 (.Metal. Chem. Eiig., 1914, xii., 191 ; igts, xiii.,

362). Tn; author pointed out the possibility of making
a refractory material by using a natural mineral con-
taining : —Zirconia, 84 per cent ;" silica, S pet cent;
ferric oxide, 3 per cent. Experiments carried out in a
Martin furnace, at a steelworks at Remscheid, in Ger-
many, showed that a covering of zirconia lasts a long
time, and that in spite ol the decidedly higher initial

cost there is still a saving of 50 per cent. A covering of

zirconia may last eight months, and give an increased
production which increases the yield. Its conductivity is

only half that of a refractory biick.

In metallurgy zirconia could also be employed in the
preparation ot copp:r and its alloys. The only corrosive

agents are fluorides and acid sulphates. The difficulty,

putting aside the question of cost, depends on the method
ol employment. Silicate of soda and tat are used for the

coverings. Zirconia can be used with tar if the heating

is performed very slowly. Lime employed in very small
quantities would also give good results if utilised with
discretion. Meyer calculates that the amount necessary
for the covering of a Martin furnace is 900 pounds, which
at 7 cents a pound comes to 63 dols., and represents a

considerable saving over covering with refracrory bricks.

In every case before the war Germany had tried to lay

their hands on the deposits of natural zirconia ; it seems
that they had foreseen developments in the case of this

product.

Having need of a refractory material which would be
capable ol resisting at least the temperature ol fusion of

platinum I undertook experiments on refractory products,

a summary of which I will give here, as far as zirconia is

concerned.
There could be no doubt of using pure commercial

zirconia owing to it? high price, and I had to have
recourse to the natural products. The mineral which I

had at my disposal was zircon, delivered to me in the

form of a yellow powder.
The work already done when I began my researches

seemed to be worth verifying if I limited myself to the
point of view which interested me. Zircon, treated with
hydrochloric acid, gave up iron which enabled its re-

fractory qualities to be improved. By pressure ! could
obtain little crucibles and briquettes, using as agglomerants
lime, silicate of soda, ot organic binding materials.

Meyer in the memoir quoted above gave as a composition
binding welt :

—
Zirconia, mesh .. .. 100 75

„ „ .... 10 23
Lime ........ — 2

Three per cent of silicates of soda was added at 38°.

The moulded'and dried products must be burnt at 1400°.

This composition answers very well for anything that

could be pressed, and I obtained satisfactory results,

either using it unaltered or by modifying it. As I wishecl

to use a tubular furnace I had first to experiment with
zirconia as a refractory material. The preceding com-
position is in no way suited to the moulding of a tube,

and at the expense of the refractory properties I tried to
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mjald tubas by agglomerating the natural product with a

vaty refractory clay-like Mussidan clay. The result was
not satisfactory. Wnen using these tubes in a granular

carbon resistance furnace I found, in agreement with

Ricke and in contradiction to the assertions of Baeyer,

that the tube when once hot became a conductor, the

amperage rose rapidly, then a helical ate was produced
thtojghout the length of the tube, and the latter soon

became corroded. When it cooled it was tximined, and
was found to be red-brown, the structure was vitreous,

and the mass was fissured and brittle. In face of this

result it was useless to continue the cxpeiiiiienis even

with a purer product. As regards the crucibles it was not

the same. Puriii:d zitconia gi/es excellent crucibles,

which it is best to shape in a press with an organic binding

material. In spite of Baeyer's opinion I have found that

it is easy to obtain a sufificiently pure zirconia for making
crucibles by treating zircon with sulphuric acid. It is

suificient to grind the mineral very fine and to heat it on

a sand-bath with concentrated suiphutic acid (after a pre-

liminary treatment with hydrochloric acid). It is the

process which requires the least manipulation it one is

limited to a product of normal purity. The solution is

evaporated to dryness and taken up with water. The
zirconia can be extracted from this sulphuric solution by

the following different processes :- The acid solution

diluted with water precipitates a basic sulphate ; the addi-

tion of potassium sulphate precipitates a double sulphate
;

the addition of ammonia precipitates hydrated zirconia
;

thecalcination of the sulphate or hydrate of zirconium gives

zirconia. The third method would be the simplest if the

filtration and washing of the hydrate were not troublesome.

It is important to use only strongly calcined zirconia,

otherwise the articles will contract considerably.

Summarising, my results agree with those of Ricke as

regards the utilisation of zirconia in experiments at high

temperatures. I have also shown that the natural product

agglomerates easily by pressure, and the making of

coverings of zirconia presents no more difficulty than the

moulding of inert substances. L'ke stannic oxide,

SnOj, a certain number of oxides (especially of tetra-

valent elements), such as ZrOi, can play the part of

opacifiers in fluxes for enamels and glasses. I have not

been able to find out for certain who first thought of using

zirconia as an- opacifier. Hillringhaus and Heilemann
{Zeit. Anorg, Chtin., igio, Ixvi., 43C), following on the

work of Weiss and Lehmann, suggested the possibility of

using zirconia as an opacifier in consequence of the rise of

tin. These authors draw attention to the fact that the

firm of Gustrow in D.R.P. 1S9364 have claimed a method
of prepiration of glasses opacified by zirconia. Laudan
and Rosenswoig also claim the employment of zirconia

with or without glucine as an opacifier (B.F. 389483

—

1908). Unless we can obtain zirconia free from iron and

at a price comptting with that of tin or antimony oxide I

do not see what real interest there can be in the numerous
patents taken out by various authors. For ten years

several patents have been taken out annually dealing

with the preparation of enamels opacified by zitconia.

According to Griinwald [Spschsaal, 191 1, xliv., 72, No. 5)

all the substances proposed for replacing tin oxide, such

as titanic anhydride or zirconia, have not been very

successful. The following enamel has been suggested;—

Felspar 375
Borax 18

Saltpetre 07
Zirconia 8

Cryolith 21

Quartz 105
Zirconia (to be added to broken inas>) 6

Clay 7

Surb an enamel would not have a considerable covering

po.ver, and the inclusion of 14 per cent of zirconia would
raise the price considerably. Moreover a large amount of

cryolith is required. I do not think that the subject has
made much progress at present. The only interesting

development would be that according to some workers an
enamel could be obtained which would be remarkably
resistant to acids. In order to form an opinion it would
be necessary to know the results of the use in practice of

vessels covered with an enamel made to satisfy the con-
ditions of resistance which are met with in industrial

processes and not in laboratory tests. Zirconia has also

been used in glasses. This subject having already been
discussed (" Le Siloxide, Sucedane du verre de quartz,"
Felix Thomas, igi2, Ixxvii., 790) we need not return to it

here.

A final possibility in the employment of zirconia may
be mentioned, namely, the use of zircon as an abrasive, in

view of its hardness. Grindstones of zircon, agglomerated
in the cold, have given good results in working mother-of-
pearl. This would perhaps provide a small outlet for

zircon. As zircon is not unalterable in the presence of

silicates it cannot be used for making ceramic grindstones,

that is to say grindstones in which the binding material is

a silicated compound fusible at a high temperature. It

can only be used in cement grindstones.

The value of zirconia as a metallurgical refractory pro-

duct seems to be firmly established as the result of these

investigations.

RELATIONSHIPS IN CHEMISTRY.'

By I. W. BECKMAN.

There are some matters which have impressed themselves
upon me during the last year most emphatically which I

wish to present and so bring them to your attention and
serious thought.

To make myself clear in the following discussion, I am
going to take the liberty of classifying chemists under two
heads : The inside chemist, to which class, in a general
way, belongs the man engaged in chemical work in the

university, not including the student ; and the outside
chemist, to which class belong all other chemists occupied
in practical application and research in chemistry. This
is, as you fully understand, not a hard and fast classifica-

tion ; the different groups naturally overlap.

There was a time, and it was not long ago, when there

was, I believe, a feeling existing between the outside

chemist and the inside chemist. It was not one that was
distinctly tangible or that could be attributed to any
special reason or that had any just cause.

The inside chemist, whose duty primarily consists in

continuing to bring forth new generations of chemists,

was liable to look upon his own offspring as a being some-
what inferior to himself ; his offspring had only glanced
through frosted windows into the holy of holies of theo-

retical chemistry. The young chemist had spent too

short a time, as a rule, in the university, in the atmos-
phere of the inside chemist, to absorb more than a smat-

tering, in many casts, of the deeper meaning of chemical
laws. These embryo chemists formid later th : increasingly

growing number of outside chemists. It was therefore

natural that the feeling on the part of the inside chemist

of contempt for and of superiority to the outside chemist

was continued in an unabated stream. There was a ten-

dency among the inside chemists to look upon their work
as a sacred work, a work which gave them mental
stimulus, and which at times perhaps gave them mental

bliss. As an opiate fiend obtains physical bliss from bis

narcotic, so the inside chemist got intellectual bliss from

his intellectual narcotic. From time to time, as a miser

will of a night lake out his gold and let it trickle through

his fingers and again lock it up and enjoy this pleasure, so

• Address delivered at (he 1918 annual meeting ;of the California

Section of the American Chemical Society.
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would the inside chemist from time to time take out the

precious discoveries he has made and ventilate them in an
abstract way, and again lock them into the sanctuaries of

his research.

The outside chemist, as I have stated before, is really a

product of the inside chemist. .\s time went on and the

influences which he had absorbed in the university

gradually were rubbed of) in the hard outside world and

be was brought face to face with the realities in life and
in chemistry, he began to look back upon the inside

chemist with somewhat of a naive contempt.

J
{Because the inside chemist dealt with compkx laws and

theories in chemistry and the outside chemist dealt, in

many cases, with pipes and tanks, and weights of solu-

tions, cS:c., the outside chemist began to estimate himself

as the most important man because he was dealing with

more tangible things ; he began to look down upon the

nside chemist with a feeling of superiority and thought
hat the inside chemist was an unpractical old

fogey.
Jiach seemed inclined to go his own way. The inside

chemist was not interested as to how his discoveries could

help the outside chemist, excepting in so fat as he might

sow some seeds regarding his discoveries in the new
generation of chemists. The outside chemist, who had
grown away from the inside chemist's influence, had a

hard time in many cases to absorb, or reasonably under-

stand, the discussions he might have had with the inside

chemist along the lines of the latter's discoveries— discus-

sions which might have been to their mutual advantage

—

and bis final analysis was that they did not concern him
in his special activities anyway.

I may have drawn my picture somewhat harshly, but 1

think that we all recognise the tact that there did exjst a

degree of lack of understanding between the inside

chemist and the outside chemist.

The war in its activities has wrought, I believe, a very

radical change in the attitude of the two cheniists, and it

is a change which is to everyone's advantage and one that

is of vital importance to the chemical development of the

country, ami fcr that reason, if for no othei, should be

maintained and encouraged in every way.
Through dire necessity the outside chemist has been

forced to s ek out the inside chemist and get his advanced
viewpoints on many of the apparently most simple chemical

processes of manufacture, for the purpose of speeding up
war work, increasing efficiency, and avoiding waste. The
inside chemist may never have known anything about

valves and pipes, kettles, and other things, excepting

possibly in the abstract, but he has, through his careful

research and through his trained mental capacities, a

fountain of information, which, unlocked and coupled

with the practical knowledge of the outside chemist, has

contributed to the chemical de\elopment of the country in

a manner which has brought results, in 3 few years, un-

dreamed of as being possible to achieve under conditions

as they existed Defore. In other words, the inside chemist

and the outside chemist have finally met on the same
ground ; they have been called to the same council

chamber and have been forced to discuss together problems

of vital importance to the national welfare in a language
that both of them understood. The outside chemist may
often have had a hard time to put his ideas and his obser

vations into terminology which was not offensive to the

trained ear and mode of expression of the inside chemist,

while the inside chemist may equally well have had a hard
time to express his viewpoints and ^his ideas in the

language which was acceptable and easily understood by

the outside chemist ; but they have done it, as shown by
the surprising and marvellous results o( the hst few
years.

The inside and the outside chemist have joined hands
and have learned to speak the same language, both of

them perhaps still falleringly, but it is accomplished, and
as lime goes on, the inside chemis! will realise that any
discovery which he may make and which be keeps locked

up as a miser keeps his gold locked up, without trying to

see whether it will better conditions i:i the outside world,

is a useless discovery and his time is wasted and he him-
self might be considered as lacking in morality.

The same may be said of the outsid* chemist. If the

outside chemist, through sheet stubbornness, through lack

of perseverance, and through ignorance, is unwilling to

give an ear to the inside chemist's advice, he shows him-
self morally unfit to further the chemical development of

the country.
I am fully convinced that a new generation of chemists

is going to grow up from now on as a result of the war.
The outside chemists, who are the offspring of the inside

chemists, will be no more and the inside chemists will te
equally eliminated. We will have a new type with a

broader viewpoint in all these matters. We will look to

the theoretical chemist with regard and appieciation equal

to that which we show tbe technical and applied chemist.
Our chemical development will die out just as quickly as

it has grown if we are unwilling to continue to appreciate

the fact that all chemists are interdependent, that

chemistry is not chemistry wiihout theoretical foundation,
and that theoretical knowledge is worthless to man with-

out its application in some way for his improvement.
My feeling is that the meetings of the Local Sections of

the American Chemical Society, such as we attend to-

night, are of the greatest importance to our future chemical
development. The men who interest themselves primarily

in the applied chemistry should make an effort to follow

the discoveries of those chemists who read papers on
theoretical chemistry and discuss them in the meetings.
It may sometimes be a mental effort to do so, but it is

worth while, while the theoretical men should take equal
interest in discussing papers on applied chemistry,
bringing their viewpoints and their buried theoretical

knowledge to the vision of the applied chemist. There
should be a feeling of give aiid-take at such discussions,

't should not be a disgrace for a man to show his ignoiance
in theoretical chemistry, nor should it be a disgrace for a
theorist to show his ignorance as to applied chemistry.
We do not live in the days of Michael Angelo and conse-
quently it is impossible for us all to be able even to

discuss all the different sides of our own science fault-

lessly and always intelligently.

It occurs to me to ask in this connection, if we are not
making a mistake, as a Society, in having two publica-

tions, one of them publishing matters dealing with applied
chemistry, and the other one dealing with theoretical

chemistry. Should we not, as a Society, show our belief

in the unity oi chemistry by issuing one single journal
dealing with chemistry as a whole ? As it is now, the
theoretical chemist reads the Journal uf the American
Chemical Society and lays aside, unread, the jfournal of
Industrial and Engineering Cliemiitry, and the chemist
interested in applied chemistry reads only the Journal 0/
Industrial and Engineering Chemistiy and puts aside the
Journal 0/ the American Chemical Society unread. My
belief is that if these journals were published jointly in the
same volume, we would be forced to glance over all the
articles occurring in it, and the line of demarcation between
applied chemistry and theoretical chemistry would be
quickly eliminated.

We have on the Pacific Coast, I believe, a special
responsibility to each other. We are far from the large
centres of chemical activity and consequently are thrown
more intimately together. We will have to learn to

depend much more on each other than we have done up to

the present time. The war has brought with it many
worries and troubles, but has also helped us, in many
cases, to clarify our viewpoints and put new stimulus and
new understanding into our eflorts. Our development out
here, if it Is going to increase at all and be successful,

is dependent on a most intimate co-operation and under-
standing between all the dillerent branches of chemistry
and its application.—yuHnM/ of Industrial and Engi-
neering Chemisliy, xi., No. j.
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THE INORGANIC CONSriTUENTS OF
LOBSTER SHELLS.*

By FRANK WIGGLESWORTH CLARKE and
GEORGE STEIGER.

Ln the course of an extensive investigation relative to the

inorganic constituents of msrine inveitebrates, by CU>ke
and Wbeeler (Prof. Paper, No. ro2, U.S. Geological
Survey, Washington), it was found that among th;

distinctly magnesian organisms the proportionof magnesia
was dependent upon the temperature of the water in which
the animals live. The cold water animals contained
much less magnesium carbonate than those from wa.m
waters; a relation which was strikingly manifest in the

analyses of echinoderms and alcyonarians and which has
been amply verified by a considerable number of new
analyses made since the original memoir was published,

in other groups of organisms the same relation was sug-

gested, but not actually proved to bold, for there were
exceptions that needed explanation. In a series of eleven

analyses of crustaceans (crabs, lobsters, shrimps, <S:c.),

the same variation in magnesia was strongly indicated,

but with irregularities which appeared to requite further

investigation. It was conceivable that different parts of a

shell or skeleton might differ in composition, or else that

variations might be due to differences in age. It had
already been found in the case of two sea urchins that

the spines contained much less magnesia than the main
body of the shells, but the question relative to age
remained to be investigated.

Through the kindness of Dr. H. M. Smith, director of

the U.S. Bureau ot Fisheries, the large claws of two
lobsters (Homarus americanus) from a single locality,

Boothbay Harbor, Maine, were obtained, one from a

small lobster, the other from a large specimen. The
analyses gave the following results, after rejecting organic

matter and water and recalculating to 100 per cent :
—

Sir.all Lobster. Large Lobster.

S;0j + (AI,Fe2)20i .. .. o-ig o-8i

MgCO, .. 602 11-51

CaCOj 8052 6437
C»S04 1-29 1-85

cjjPjOs ii-gs 2146

lOO'OO lOO'OO

The difference between these two analyses is very great,

the large animal being much more highly magnesian and

phosphatic than the small one. Unfortunately, however,

the actual sizes of the two lobsters were not given, and

more precise data were evidently desirable. Accordingly

Dr. Smith had fragments from three lobsters sent to us,

all from the same station as the others, with definite

figures as to length and weight. The fragments, more

over, in each case represented both the large claw and the

carapace, so that variations in the individual as well as

variations in age could be determined. The analyses, six

in number, were as follows :

—

1. Small lobster, length 8J inches, weight 10 ounces.

2. Medium lobster, length 1
1
J inches, weight 2 pounds.

3. Large lobster, length 16J inches, weight 5J pounds.

The claw is indicated by a, the carapace by b.

S;0i+ (Al,Fe)203O-33

MgCOs .. .. 10 81

CaCOj .. .. 72 41

CaS04 .. .. 124
CajPjOs . . .. I5'2t

lb. 2(1. 2b. 3'- 36.

035 36 066 0-31 057
774 11-28 8 r2 lo-gg 877
78q8 55--|6 70-58 5b-8g 65-14

1-23 212 1-58 2-32 232
11-70 3078 igo6 29-49 23-20

loooo loooo loo'oo loo-oo 100 00 100 00

In each case the claw is richer in magnesium carbonate
and calcium phosphate than the carapace. The variations

due to age appear more distinctly when the average of

each pair of analyses is taken, as follows:—

I a 3

MgC03 . • 9-27 970 9-88

CaCOj • 75 69 68-02 6i-oi

CajPaOs . • i3'45 24-92 26-35

CaS04 1-24 1-85 2-32

• Published by permission of the Director of the U.S. Geological

Survey.

Here the progressive increase in magnesium carbonate
and calcium phosphate is clearly shown ; and it also

appears in the percentages of calcium sulphate, although
the last detail is less significant. The smallest lobster,

moreover, differs in the composition of its inorganic

portion from that of the two larger animals much more
than they do from each other.

From the evidence now at hand it seems clear that some
of the departures from regularity in the proportions of

magnesium carbonate in the shells or skeletons of marine
invertebrates are due to one or both ol the two causes

which were suggested at the beginning of this paper. It

is desirable, therefore, in further invest.gations of this

kind that in the stndy of the more highly specialised

organisms the analyses should represent the totality of the

inorganic portions, and that animals of the same degree

of maturity should be taken. With the lower classes of

organisms the difficulties are not so great, and regularities

are much more easily discovered.

—

Proceedings of the

National Academy of Sciences, U.S.A., v.. No. i.

TWO NEW ZIRCON MINERALS- ORVILLITE
AND OLIVEIRAITE.*

ByT. H. LEE, F.C.S., Lond., N..\m.C.Soc.

I. Orvillite.

Year before last there came to the Servii^o Geologico e

Mineralogico do Brazil a number of specimens of a

zirconifeious rock from the region of Caldas, in the State

of Minas Geraes. Several of them were almost entirely

of the oxide of zirconium known as baddeleyite (brazilite

of Hussak), and some of them contained 92 pet cent of

the oxide of zirconium.

When Orville A. Derby, the lamented director of the

Survey, received this material he began a study of it with

a view to proposing the name " caldasite " for the rock

itself, so that the name baddeleyite would be restricted to

the crystalline oxide of zirconium, and thus preventing the

use of the name of the mineral for that of the rock. And
as it is typical of the region of Caldas, its origin would

thus be indicated.

Among the many varieties of this rock are some that

have cavities filled with small crystals of silicate of zir-

conium (zirconite). By making analyses of this material

I have verified the existence of the new silicate here

described. It is of an unusually simple composition for

one of the rare earths.

The first analysis made gave the following restills,

which are the average of two closely agreeing determina

tions :

—

Combined water 1-56

Alumina 0-15

Zirconia 71-88

Titanic acid 062
Ferrous oxide o 43
Silica 25-31

9995

• Translated by J. C. Branner from the Reviita i/ri SociCilmle

iSrasileinlde Sctencius, No. i, Rio de Janeiro, 1917, p.3"'
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Thase results show that the maltrial corresponds, in

molecular composition, to a mixture of two or mote com-

psunda.
Taking into account the insolul.ilily of zirconite

(ZiOjS.Oi) the only silicate of zirconium thus far known

by wet analysis, and \eiified by several determinations of

materials that may be considered as absolutely pure,

Derby suggested the possibility of making a separation of

the component mmerals in case lh=y were diffeient.

For this purpose a few grms. of the substance were

treated for s me hours with a mixture of hydtofluotic and

hydrochloric acids. The only visible effect produced was

an alteration of the colour of the fragments of the

material, which changed from a dark grey to a yellowish

white, but preserving perfectly their original angular

appearance. The a:id solution, however, showed with

turmeric paper the characteristic reaction for zirconium,

and the residue was easily broken up under slight pressure

of a platinum spatula.

Filtering and washing in a funnel coated with Canada

balsam, the dry residue was examined under a microscope

(X400jand found to consist of miccocrystalline aggre-

gates radiating from centres and apparently homogeneous.

The homogeneity was confirmed by the analysis, and

the residue had the exact composition of zirconite

(ZiOi SiOj). The quantity, however, which was 41 per

cent of the oiiginal rock, corresponded to one-half of the

silica contained in it.

It was evident that it was not a simple mixture of zir-

conite with an excess of zirconia (baddeleyite or brazilite),

but two silicates, one of them insoluble in the humid

reagents, and the other readily soluble. (Thin sections

do not show the least sign of the presence of amorphous

or crystalline silica).

At this point the investigation had to be suspended for

some time to await the arrival of new material.

It is noteworthy that this first analytical work had sug-

gested the following composition of the Caldas rock :

—

Zirconite (ZiOi.SiOj) 4' (de'-)

Silicate new? (sZiOj.zSiOj) 56

Impurities 3

A second specimen bad this composition—

Zirccnia (ZrOj) .

.

Ferric oxide (FejOj)

Titanic acid (TiOj)

85 01

3-57

152

Silica (S.Oj) 963

9973

Later, when the Geological Service had new material.

Dr. Derby by using a needle and a microscope succeeded

in separating a little more than Goo milligrms. of the

visible homogeneous materials. Of this two parallel

analyses were made which showed beyoiid question

that the material was homogeneous, and that it was a new

silicate with the following composition ;
—

Zirconia 6804
Silica ^545
Volatile matter and combined water .. b'35

9972

Dividing these percentages by the molecular weights we

have the molecular factors—

Zirconia 05565
S'lica o'422o

Water °'35'6

Dividing the molecular factors of the zirconia and of the

water by the silica w^ have

—

Zirconia J"3'9

Silica i-ooo

Water o 833

Multiplying by three we have

—

Zirconia 3957
Silica 3 000

Water 2-t99

Equal to

—

^Z0.:.3S.02.25H20
or

—

SZtOj eSiOi-sHiO.

It seems possible that the high molecular weight and

the consequent constitutional complexity corresponding to

this formula may be responsible for the facility with which

the mixture of hydrofluoric and hydrochloric acids attacks

and dissolves it.

Inasmuch as the identification of this new mineral

species was due entirely to the efforts and labours of Dr.

Derby, I have the honour to propose for it the name of

Orvillile.

II. Oiiveiraite.

My attention was called to the mineral euxenite in

June, 1910, by a specimen given me for analysis by my
colleague Jorge de Araujo Ftrraz. There was \ery little

of the material however. About a year later there was a

discussion in one of our periodicals in regard to a new
element derived from a mineral which, thanks to the

studies of out learned Prof. Paes Leme of our museum,

was shov/n to be not a new element, but an oxide of the

rare earths composing the mineral euxenite.

In August, 1913, by order of Dr. 0. A. Derby, then

director of the Servi(;o Geologico, I had the pleasure of

receiving a large number of specimens of this material

from my colleague, who visited the place at which they

occur on the fazenda Santa Clara, Tocantins station, on

the Leopoldina railway in the municipality of Pomba,

State of Minas Getaes. I made several analyses of the

material, and the results were always in approximate

agreement with those made at the Escola de Minas, and

with one made at the Royal Polytechnic School at Turin

and shown me by my colleague Ferraz. Thanks to the

efforts of Prof. Paes Leme I obtained a small bit of

material from an uncertain locality in Espirito Santo from

which it was said the new element had been obtained.

In order to have a clear idea of the similarity of the

materials from the two different places I give here the

results of the analyses :

—

Euxeitile.

Tantalic acid .

.

Columbic acid

Titanic acid 2370
Oxide of cerium

Oxide yttrium (group)

Oxide zirconium .

.

Oxide uranium
Oxide lead

Oxide tin (traces) ..

Oxide iron

Combined water .

.

At first, as is shown by the analysis of the euxenite from

Pomba, the zirconia was not determined by me, but was

included with the columbic acid.

Upon reexamining the material and also what the

same collector brought in March, 1914, I verified the

existence of a new mineral, a hydraled titanate of zir-

conium.
Having separated the mineral I submitted it to Dr. E.

Rimann, at that time t'le petrogtapher of the Geological

Service, who made this note

—

spirito Saato. Pomba, Minas.

320
2870
2370

23-12

1-46

3639
25-00
0-46

23-08

4-23

7-50

014
10 06
0-14

—. —
312 —
6-41 2-41

100-12 99-00



Columbic acid, Cb^Oj 1

Including tantalic acid, Ta^Os
J

Titanic acid, TiO^ 25 oo

Rare earths, R2O3 7'40

Oxide of uranium, UO3 (o) 4'93

Combined water 1114

ioo'qS

(rt) On decomposition the uranium is present in the form

of the oxide UO3, and in the unaltered mineral

in the form of UOj.

U is clear that in the process of decomposition the

euxenite has lost a part of the rare earths, oxide of

uranium, and titanic acid, but little or none of the earthy

acids (CbjOs-TajOs).
Considermg again the molecular relations of these tvvo

minerals, it is to be noted that in the relation between

zirconia and silica in the first case, and between the

zirconia and titanic acid in the second, there is a small

excess of acid in each.

In orvillite, for example, in place of the relation

^ZtOi.Oz sSiOi it is sgeZrOi : sSiOj.

In oliveiraite, in place of 3ZrOi:iTi02, we have

3Zr02:2-i6TI02.
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This curious fact is notable in the minerals of zirconium.
In Dana's great work there are given twelve analyses of
zirconite, and in all of them the zirconia is low in relation
to the silica, the mean being Z1O2 : S Oj = i : 1024 in
place of Z1O2 : S^Oj^ i : i, or an excess of silica of 0-024
molecule tor molecule.

In the case of orvillite this excess is o 01 molecule for
molecule, and in that of oliveiraite o'oS molecule for
molecule.

—

American jfonrnal of Science, xlvii.. No. 27S.
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"It shows no distinct crystalline structure, but is

amorphous ; its colour in thin fragments is a yellowish

green and shows in places multiple twinning and a fibro-

radial structure approximating radlo-spherulitic. lis

optical characters correspond more or less with those

produced in amorphous minerals in general by high pres-

sure, a correspondence increased by the fact that the

double refraction and the lib.o-radial structure are

strictly limited to the highly sheltered area of the

mineral. Neither crystalline faces nor cleavage can be

seen."
Where the mineral is entirely free from foreign bodies

it is of a greenish yellow colour. A quantity of it se-

parated under the microscope by Derby gave the following

results when analysed ;
—

Zicronia, Z1O2 63-36

Anhydrous titanic acid, TiOi 2992
Combined water 6-4S

99-76

Dividing these percentages by the proper molecular weight

we have

—

Zirconia o'S'?

Titanic acid 0"373

Water 0-360

Dividing the molecular proportions by the zirconia we
have

—

Zirconia I'ooo

Titanic acid 0-7215

Water o 6963

Multiplying by three we have —

Zirconia 300
Titanic Acid 216
Water 2-09

3ZrOi 2TiOi 2HiO.

I propose for this new mineral the name of oliveiraite

in honour of the veteran geologist Dr. Francisco de Paula

Oliveira, who has been so long associated with Dr.

Orville Derby in the work upon the geology of this

country. The presence of the oxide of zirconium in

euxenite explains the origin of the new mineral as a

secondary product of it.

Almost all of the crystals of euxenite are covered with

a yellow crust that has the following approximate com-

position

—

THE GOVERNMENT AND THE ORGANISATION
OF SCIENTIFIC RESEARCH.*

By SIR FRANK HEATH, K.C.B.,
Secretary, Department of Scientific and Industrial Ressarch.

The story that I have to tell this afternoon is the tale of a
great adventure—one of the adventures of the great war.
It was not undertaken as part of the campaign for victory
in the field, but in order to help us to win the peace, a
campaign now beginning and likely to be scarcely less
difficult, though not as catastrophic, 3 the trials from
which we have emerged. It was an arlventure upon which
the Government embarked in the summer of igij, because,
like all true adventures, it was an act of laith. The
general direction of advance had been thought out, but
the road was still to make and the result was as yet in-
visible. The problem the Government set itself was the
encouragement and organisaiion of scientific research by
direct State action. An experiment such as no country
had ever attempted was undertaken by a people which, in
some respects, is the most conservative in the world. We
are not a nation with a finished theory of the functions
and powers of government, and in that we are fortunate,
for when the pressure of need arises we are willing to take
courses which a more philosophical race would shun. Our
enemies, whose political theory was worked out to the last
detail, in confident contempt for the human nature with
which it juggled, never dreamt of attempting the organisa-
ticn of research by direct action of the State. They were
more systematic, and, to do them justice, more zealous in
their pursuit of science than any other nation. They
could rely upon the effects of their highly organised State-
regulated system of education. But had they found them-
selves in our shoes they would have discovered many
excellent arguments to show the futility of attempting to
organise research by State action. It would, indeed, have
been an impossibility for the State as the Germans con-
ceived it. Humboldt, in his famous unfinished memo-
randum to the Berlin Academy of Science, remarks :

"The State must never forget that the achievement is not
the State's nor ever can be ; it must remember that when-
ever the State seeks to interfere, its action is always a
hindrance -, it must be content to realise that the work will
proceed far better without it."

Humboldt was thinking of pure research—research, that
is, in pure science and in learning of all kinds. It is clear,
from all his remarks, that what we may call research in
applied science for the purposes of industry and the
practical convenience or well-being of life was not in his

mind. But it is worth while, before I go on to explain
what has been done by the Government in this country
during the last few years, to say something in explanation
both of what is meant by " research " throughout this

paper and something about the research worker and his
manner of work.

Research is a term which has been very much on our
lips recently, and, as is usual in cases of this kind, it is by
no means always used in one sense. The Patent Office

speak of a research into the terms of previous patents, by
which they mean making a search for already known and
recorded facts ; and the word is similarly used in many

* Read before the Royal Society of Arts, February 12, rgig.
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cases where the sjle activity is the seelting out, the collev:-

tion, and collation of existing knowledge with a view to

some definite couise of action. Strictly speaking, this

kind of wrrk would be more properly described as a
" search " rather than a " research." At any rate it is not

the sort of work with which I am concerned this afternoon.

Before research in its strict sense can begin it may be

necessary to make a search for facts already known and
recorded, but forgotten or overlooked. Such action is of

the same preliminary kind as seeking for paper and ink

and pens before beginning to write ; but it is no more
research in the strict scientific sense than the collection uf

pens, ink, and paper is authorship. In the meaning of the

term as I am using it here research means the creation of

new knowledge. It is an actual extension of the powers
and capacity of man in relation to the world in which he
lives, and the extension which comes from the systematic

work of the original mind upon materia! already to hand often

takes place in a direction quite different from that which is

anticipated when the worker begins his labours. That is

the reason for comparing research to "the wind which
bloweth whither it listeth." Discoverers, in describing the

history of iinporta^it discoveries, have told us over and
over again of this fact— a fact so frequent and pronounced
that in some cases it may almost be said that a worker
has blundered upon a new truth. It is not extraordinary,

because the excursions of the researcher are always into a

new and unmapped country, and no man can tell until be

reaches it what the lie of the land is. The more concrete

the field of science the more true will this be found to be.

It is not surprising, in these circumstances, that the

researcher himself should plead for freedom, and main-

tain, indeed, that without it his usefulness is lost. That
is the central idea of Humboldt's thesis. That is why, in

his view, the State must do damage by interference, and,

indeed, if the State interferes with the natural processes

of research work It din only do barm. In a sense the true

research worker is an anarchist. He can recognise no
laws of procedure but those of his own science and of his

own method of attack. These are severe enough, and
they can tolerate no external action which seeks to place

him in blinkers and to force him to run at the discretion

of men who cannot see with his eyes. The great question

that is to be solved is whether it is possibl:, under these

conditions, for the State to take action which will stimu-

late research without interfering with it when we mean by

•' research" nothing but the creation of new knowledge;
and whether, in the application of new knowledge to

specific problems which the State in one or other of its

capacities seeks to have solved, it can do anything effective

towards the organisation of the attack upon these pro-

blems. This second type of research does not call for the

same degree of originality as the creation of new know-
ledge ; but on the one hand it cannot proceed without the

assistance of pure research, and on the other it is constantly

revealing gaps in human knowledge which call for investi-

gation by the pure researcher. Moreover, though much
of the work in applied science is less fundamental in

character, it is also, because of the large number of

factors which are involved, far more complicated, and it

calls for team work among researchers in an ever-growing

degree. But you cannot have team work without organi-

sation. To repeat my question again : Is it possible for

the State, on the one hand, to encourage pure research,

and on the other hand to organise applied research ?

This, then, was the adventure. I need not spend time

here in explaining why something had to be done. Vou
know the difficulties with which we were faced. Impor-
tant raw materials under enemy control, semi-manufac-

tured products of vital importance made only by them,

finished articles essential to our staple industries or to our

fighting services drawn almost entirely from enemy
sources—you know the list, and you know something of

the brilliant efTorts made in our emergency to supply what
was missing. We have submitted to State action with a

vengeance. But the Government realised that emergency

measures could not oiler a lasting cute for our short-

comings. An attempt must be made to organise for

peace. What did ihty do ? The traditional way of dealing

with a problem of this kind is to appoint a Royal Com-
mission of distinguiseed persons to study the question and
recommend the action to be taken. But wise men can
seldom agree to appear beft:re the public with exactly the

same answers to a question, and if the wise men disagree

it becomes harder than ever to decide what should be done.
Besides, time will have passed, and the problem may not

seem any longer so urgent, because other problems
have arisen which are clamouring for solution. More-
over, the wise men are not made responsible for carrying

their advice into etTcCt. Before anything can be done
they have disappeared from the scene, and this little

omission encourages argument and theory. So the Govern-
ment appointed a Commission to act as permanent
advisers to a responsible Minister. The Minister selected

was the Lord President of the Council, because it was
realised that if research was to be organised effectively, it

must cover not only the whole United Kingdom, but be

able to co-operate easily with possible developments of a

like kind in other parts of the Empire. It was also clear

that if the Government was to obtain tlie co-operation of

the industries in regard to research, the department con-

cerned should be free from any suspicion of being

concerned either in their regulation or in commercial
dealings with them, 'ihe Minister responsible should
accordingly be unconnected with any administrative

department of State. These considerations led naturally

to the selection of the Lord President, for the Privy Council
is the only department which has relations with the whole
Empire, and which is free from administrative responsi-

bilities. Parliament voted the minister, or rather a

Committee of the Privy Council of which he was chairman,

a sum of money to spend on the encouragement and
organisation of scientific research—not a fixed sum, but ^
an annual vote susceptible of increase. By an Order in

Council, all proposals for spending money upon these pur-

poses stand referred to the permanent commission which
is called the Advisory Council for Scientific and Industrial

Research. And the Advisory Council can initiate pro-

posals of their own. It was a small but most significant

change in the traditional procedure. The idea of making
the Commission permanent was not new. There have
been a good many permanent advisory committees to

Government departments. The provision for changing
the personnel from time to time is not new. The selection

of a small body of men specially qualifi-id to deal with the

subject in hand is not new. The novel feature was the

delegation of the responsibility for thinking out a policy

to a permanent body of experts who are not civil servants,

and making this expert body an integral part of the

machine by giving them the services of the permanent
stall of the department, and keeping them continually

informed of every departmental procedure. This was
ensured by pro\'iding them with an administrative chair-

man who has devoted his whole time to the work, and
with a secretariat which includes the heads (instead of

the junior members) of the administrative staf?. In a

word, the Minister, instead of rel/ing upon his officials

for advice (whether technical or administrative), supple-

mented by such occasional guidance upon particular

questions as he might refer to temporary Royal Commis-
sions or to permanent Advisory Committees, placed all his

|

technical advice in commission, and entrusted it to a body
of seven independent and distinguished men of science,

"

the majority of whom were also large industrialists. The
result of this experiment has been most interesting. The
general policy of the Minister and of the Government has

been worked out, not by the official, but by the Advisory

Council. The Council has watched the tITects of the

action it has recommended and has gradually built up a

method of procedure consonant with the original intention

of the Government. Stated in its simplest terms, the

intention of the Government in the Order in Council of
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July 28th, 1915, was to dtlegate to independent experts

the duty ol devising the methods by which scientific and

industrial research should be encounged and developed.

The Advisory Council, as we shall see, have carried this

principle through in all the proposals which they have

made. The Government had reached the conclusion,

before they issued the Order in CounLil establishing the

new organisation, that action was needed in three main

directions. In the first place research was needed in a

number of directions hitherto neglected ; secondly, it

would be necessary to establish new institutions or to

develop existing institutions for the scientific study of

problems affecting particular industries and trades. And
finally it was clear that ih? number of trained research

workers in the country was inadequate to our needs. The
information possessed by the Board of Education was

clear on this point, and had led the President, Mr. Joseph

Pease (now Lord Gimford), to urge the establishment of

the new organisation which your Lordship later set up as

an independent department. All these three main lines of

action were mentioned in the original Order in Council,

and proposals in regard to them stood referred to the

Advisory Council. How did the Council proceed ? They
began as an interim measure by recommending the

Minister to assist a number of researches conducted by

scientific and professional societies which were languishing

as a result of the war, and they also recommended grants

to the National Physical Laboratory for an urgent research

into the methods of manufacturing optical glass, and to a

commititee at the Central School of Pottery at Sioke-on

Trent f )r research into the manufacture of hard porcelain

from British materials. This research has had most

successful and promising results. Meantime the Council

have gradually and steadily worked out, in consultation

with university professors and teachers in technical schools,

with the leaders in many of our principal industries, and

with each of the Government Departments, a systematic

procedure along the whole front, which has not only com-

mended itself to the responsible Minister and to the

Government of the day, but has been adopted or is being

adopted by each of the self-governing Dominions with

variations suited to local conditions, and by three at least

of our Allies (America, France, and Japan).

I will divide the field of work into the three main divi-

sions already indicated and will deal with them, for con-

venience, in the following order: (i ) The encouragement

of research workers ;
(li.) The organisation of research by

industries, and (iii.) The organisation of national re-

search.

In dealing with each of these matters, the policy advo-

cated by the Advisory Gouncil and adopted by the Minister

has been that laid down by the Government when the

Department was founded, viz., the delegation of responsi-

bility for each kind of service to the expert within the

limits imposed by the ultimate responsibility of the

Minister to Parliament, and of the Accounting Officer to

the Controller and Auditor General.

(To be contiaued).

MELTING-POINTS OF CHEMICAL ELEMENTS
AND OTHER STANDARD TEMPERATURES.

Revised, July ts, 1918.

This table of melting-points of the chemical elements is

issued in answer to numerous requests for this information.

The values of the melting-points used by the Bureau of

Standards as standard temperatures for the calibration of

thermometers and pyrometers are indicated in capitals.

The other values have been assigned after a careful

survey of all the arailable data.

As nearly as may be, all values, in particular the

standard points, have been reduced to a common scale,

the thermodynamic scale. For high temperatures, and

for use with optical pyrometers, this scale is satisfied very

exactly by taking £^ = 14350 in the formula for Wien's
law (U.S. Bureau ol Standards Circular No. 7, or Scientific

Paper No. 11) connecting I^ , monochron atic luminous
intensity of wave-length A, and T, absolute temperature :

—

It. = Ci \-5 e' /\.T
. For all purposes, except the most

accurate investigations, the thermodynamic scale is

identical with any of the gas scales.

At high temperatures some of the values are quite

uncertain ; thus, while the melting-point of platinum may
be considered accurately known to 10'' C, that of tungsten
is possibly uncertain by 30° C. or more. Temperatures
centigrade are rounded off, and the exact Fahrenheit
equivalents ate usually given.

Melting-points of the Chemical Elements.

Element. C. F.

Helium
Hydrogen
Neon
Fluorine .

.

Oxygen
Nitrogen .

.

Argon
Krypton
Xenon
Chlorine .

.

MERCURY
Bromine .

.

Caisium .

.

Gallium .

.

Rubidium.

.

Phosphorus
Potassium
Sodium ..

Iodine

Sulphur

Indium
Lithium
Selenium
TIN
Bismuth
Thallium
CADMIUM .. ..

LEAD
ZINC
Tellurium
ANTIMONY .. ..

Cerium
Magnesium
ALUMINIUM ..

Radium
Calcium
Lanthanum
Strontium
Neodymium ..

Arsenic
Barium
Praseodymium
Germanium
SILVER
GOLD
COPPER .. ..

Manganese
Beryllium (glucinum)

Samarium
Scandium
Silicon

NICKEL .. ..

Cobalt
Yttrium
IRON
PALLADIUM

I

Chromium

Si

S,i

Siii

<-27I
-259
-253 ?

-223
-218
— 210
-188
-169
— 140
- loi's

-3887
-7-3
+ 26

30
38

44
62-3

975
"35
II2-8

119-2

1068
155
186

217—220
231 9
271
302

3209
3274
419-4

452
630-0

640
651
658-7

700
8to
810 ?

>Ca<Ba ?

840 ?

850
850
940
958
960-5
1063-0

1083 o

1230
1280

1300—1400
)

1420
1452
1480
1490
1530
1549
1615

:-456
-434
- 423
-369
-360
-346
-306
- 272
— 220
-150-7
-37"97
-1-189

79
86

144-1

207-5

2363
2350
246-6

2242
3"
367

423—428
4494
520
576
609-6

621-3

7869
846
1166 o

1184
J 204
1217-7

1292

1490
1490

1544
1562
1562

1724

1756
1760 9
I945'S
1981-4

2246
2336

2370—2550

2588
2646
2696
2714
2786
2820

2939
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Helling points of Chemical EUmenti (continued)

Elemeut.

Zirconium
Columbium (niobium)

Thorium . . . . • • 1

Vanadium
PLATINUM .. ..

Ytterbium
Titanium
Uranium
Rhodium
Uoton ... ... •

•

Iridium
Ruthenium
Molybdenum ..

Osmium
Tantalum
TUNGSTliN.. ..

Carbon

1700 ?

1700 ?

>I700
<Mo
1720

1755
>

i8uo
<i850

1950
2.!00—2500 ?

2330 ?

2450 ?

2550
. 2700 ?

2900
3400

>36i:o

F.

3090
3090

>3090
<Mo
3128

3"J'

<336o
3542

4000—4500
4260

4440
4620
4890
5250
O152

>65oo

Other Standard Temperatures.

SubsUnte.

Oxygen
Caibon dioxide

Phenonieuon

Boiling .. ..

Sablimition .

.

Transfoimaiion
intoanhydrous
sal:.

.

Sodium sulphate,

NajS04+ioH20
Water Botling

Naphthalene •

.

..
....

Benzophenone . . ,
....

Sulphur . . .

.

II

SAgaCu .. .. Euteclicfreezmg

Sodium chloiide Freezing.. ..

c.

-IS30
-785

32-384
100

21796
305 9

444 6

779
801

F.

-297 4 ")

-tog-3 (b)

90-291

212 (r)

582 -6 (e)

8j2'3 U)
1434
1474

Variation u'ith pressure (pressure in mm. of Hg).

(a) C°=--i830 + o-oi258 (/>-76a) -0-0000079 (/ -760)'.

6) C°= -78 5 + 001595 {p-760) -o-ooooiii {p-y6oy.

(c) C° = 100+003670 (^-760) -0-00002046 (/'-703)\

(d) C° = 2I7 96 + 0058 (/1-760).

(<) C= = 305-9 + oo63 (/'-760).

(/) C"-444-6 t-00908 (/'-76o)-o-oooo47 {p-yto)K

—U.S. Bureau of Standards Circular ii 0.35, 3rd Edition.

ORDERS OF THE MINISTRY OF MUNITIONS.

Converter Plant.

In reference to the Converter Plant Control Order, 1918,

dated April 5, 1918, the Minister of Munitions hereby

orders as follows ;—
.^ , • ,_ u j j

1 The operation of the said Order is hereby suspended

on and after the date hereof (March 4) until further notice.

2 Such suspension shall not affect the previous opera-

tion ot the said Order or the validity of any action taken

thereunder, or the liability to any penalty or punishment

in respect of any contravention or failure to comply with

the said Order prior to such suspension, or any proceedings

or remedy in respect of any such penalty or punishmerit.

3. This Order may be cited as the Converter Plant

Coiittol (Suspension) Order, 1919.

Rosin and Rosin Oil.

In reference to the Rosin Control Order, 1918, dated

January 31, 1918, the Minister of Munitions hereby orders

as follows :

—

. „ . ,. l j j
1 The operation of the said Order is hereby suspended

on and after May i, 1919. »"'•> '""her notice.

2 Such suspension shall not affect the previous opera-

tion of the sjid Older or the validity of any action taken

thereunder, or the liability to any penalty or punishment

in respect of any contravention ot failure to comply wiih

the said Order prior to such suspension, ot any proceeding

or remedy in te>pect of such penalty or punishment.

3. This Order may be cited as the K-3sin Control

uspension) Order, lyuj.

THE GOVERNMENT SCHEME FOR
INDUSTRIAL RESEARCH.

The Government have placed a fund of a million sterling

at the disposal of the Research Department to enable it

to encourage the industries to undertake research, and the

Advisory Council for Scientific and Industrial Research

have recommended, alter consultation with manufacturers

and others, that this new fund should be expended on a

CO operative basis in the form of liberal contributions by

the Department towards the income raised by voluntary

associations of manufacturers established for the purpose

of research. I5y this method the systematic development

of research and the co operation of science with industry

will be carried out under the direct control of the industries

themselves. Tbe fund for each industry will be expended

by a Committee ot Board appointed by the contributing

firms in the industry, and the results obtained will be

available for the benefit of the contributing firms.

It is anticipated that each firm subscribing to a research

organisation will have the following privileges :
—

(i ) It will have the right to put technical questions and

to have them answered as fully as possible within the

scope of the research organisation and its allied associa-

tions.

(ii.) It will have the right to recommend specific subjects

for research, and if the Committee or Board of the

research organisation ol that industry consider the recom-
mendation ot sulHcient general interest and importance,

the research will be carried out without further cost to the

firm making the recommendation, and the results will be

available to all the firms in the organisation.

(iii.) It will have the right to the use ol any patents or

secret processes resulting from all researches undertaken

without payment for licences, or at any rate on only

nominal payment as compared with firms outside the

organisation.

(iv.) l! will have the right to ask for a specific piece of

research to be undertaken for i;s sole benefit at cost price,

and, if the Governing Committee or Board approve, the

research will be undertaken.

No firm outside the organisation will have any of these

rights. It will often be advisable for a Research Associa-

tion to set up a Bureau of Information which will give to

each of its members technical information relating to the

industry. If this is done each firm will have the following

privileges :
—

(i ) It will receive a regular service of summarised
technical information which will keep it abreast of the

technical developments in the industry at home and
abroad.

(ii.) It will be able to obtain a translated copy of any

foreign article in which it may be specially interested and

to which its attention will have been drawn by the

periodical bulletin.

The method of assessing the subscription of each firm

•A-ill have to be determined in negotiation with each

industry or section of an industry which may agree to

combme for the puiposes of research, but the intention is

that firms should contribute on a basis proportionate to

their size.

The Department is advised that the best machinery for

the purpose in view is the establishment of Research

companies limited by guarantee of a nominal sum, e.g.,

£i and working without profit, i.e., without the division

of profits among the members in the form of dividends.

Any such Association will be qualified to apply lor grants

towards its income from the Research D.;partinent under

stated rondiiions, and when necessary a Government
grant will be given for a period of years to be agreed

upon. The whole of the results of researches conducted

by any Research Association will belong to the Association

itself, which will hold them in trust for the benefit of its

members, but the Government will keep in its own bands

two powers—the eight of veto in case any proposal is
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msde by a Research Association to communicate any
results of researcb to a foreign person, or to a foreign

corporation, and tbe right, after consultation with the

Association concerned, of communicaiing the results oi

discoverit::. to other industries for their use On ouitabl.

terms. I'he Djpartnient will not, however, make any

results obtained by a R'^seaich Association available to

firms or individuals who are eligible for membership of

th.i> Association but have not joined it.

Thus the policy of the Research Department is to dele-

gate the prosecution ol industrial research on a co-opera-

tive basis to the industries themselves, working through

voluntary associations of firms engaged in producing

similar articles or using the same materials. It is hoped
and anticipated thrt these Associations will cooperate
with each other in the solution of problems of common
interest, and the Department intends to do its utmost to

encourage such alliances. It is also anticipated that the

Associations will make every possible use of t.\isting

facilities for scientific research whether at the Universities

and lechnical Colleges, or at such central institutions as

the National Pnysical Laboratory. There will be ample
scope for all these agencies as well as for any special

research institutes which the Research Associations may
establish in future for their own purposes.

PROCEEDINGS OF SOCIETIES-

ROYAL SOCIETY.
Ordinary Meeting, February 27, igig.

Sir J. J. Thomson, President, in the Chair.

The following papers were read :

—

"Scattering of Light by Solid Substances." By Hon.

R, J, Strutt, F.R.S.

Glasses of all kinds show a strong internal scattering

of light. The beam viewed laterally is strongly, but not

completely, polarised. Yellow and smoky quarlz also

show a strong scattering. One specimen gave a polarisa-

tion so nearly complete that an analysis set for minimum
intensity transmitted only o 7 of r pet cent of the

scattered light.

It a polarised beam is passed along the axis of such a

quartz crystal, there are for a g vc:n wave-length maxima
and minima of scattered light along the length of the

beam. This is due to the rotatory properly. Owing to

rotatory dispers on the period is different for different

wave-lengths, and coloured bands result.

The clearest and whitest quar.z has some scattering

power, though much less tha,! that of glass or liquids.

In one case tximined the intensity was about eight times

that due to dust-free air at atmospheric pressure.

This small scattering is considered to be due to inclu-

sions, as in the case ol visibly smoky or yellow quar z.

The regular atomic structure, which has a period small

compared with the wave-lenglh of ordinary light, should

give no scattering. For very short wave-lengths (X-rays)

the well known diffraction effects of crystals come in.

" Constitution 0} Sulphur Vapour." By Sir James
DoBiiiE, F.R.S., and J. J. Fox, D.Sc.

Investigations based on the determination of the

vapour density leave the question of the ex stence of

sulphur molecules intermtdiate in complexity between

S3 and S2 unsettled. The present paper contains an

account of an attempt to solve the problem by the study

of the absorptive power of the vapour of sulphur for light

under various conditions of temperature. When light

from a suitable source is passed through the vapour and

examined with the spectroscope at successively higher tem-

peratures it is found that the amount of absorption caused

by the vapour gradually increases up to about 650° C,

after which it decreases as tbe temperature rises until

900° C. is reached, above which no further change occurs.

The changes in absorptive power cannot be explained
on the view that the more compUx molecules which exist

near the boiling-point gradually break down into diatomic
molecules without the formation ol molecules of inter-

mediate complexity, for In that case the change of absorp-
tion would proceed regularly in one direction with rise of

temperature The fact that it first increases to a maximum
at 650'' C. and then decreases points to the existence at

that temperature of molecules more highly absorbent than
either the octatomic or tbe diatomic molecules.
The density of sulphur vapjur at 650° C. corresponds

closely with the molecular formula S3. It seems probable,

therefore, that the highly absorbent sulphur molecules
existing at that temperature have a constitution analogous
to that of ozone, and it is noteworthy in this connection
that the absorptive power of ozone is very much greater

than that of ordinary oxygen.

"Pressure upon the Poles of the Electric Ate." By
W. G. DuFi lELn, D.S:., T. H. BuRNH.^^^, and A. H.
Davis.

For many reasons the projection of -lectrons from the

cathode of an electric arc is to be expected, and tbe

mechanism of the arc appears to requite it. If this pro-

jection ex sts it is likely to occasion a mechanical recoil

upon the cathode. A pressure was looked for in igiz and
discovered. It remained to determine if the magnitude
was such as to be accounted for by electronic projection.

Numerous sets of observations upon anode and cathode
were taken with varying current and arc length and
different dispositions of apparatus. This generally con-

sisted of an arm suspended by a torsion fibre and having

a carbon pole fixed at right angles at one end, the arc

being formed between this and a fixed carbon rod. Cor-
rections were made for tbe torque due to tbe magnetic
field of the earth and tbe rest of the circuit, and the out-

standing pressure found to be about 017 dyne per ampere,
or when convection current effects were eliminated as far

as possible, 022 dyne per ampere.
The effect does not appear to be due to radiometer

action, and is about 200 times too small to be referred to

the expulsion of carbon atoms at tbe boiling-point of that

element. The ratio f/m may be calculated, since

2P = m«i/, where P is the observed pressure over a

hemispherical pole and 11 the number of carriers leaving

the pole per second with velocity v ; further the current

c = ne, and if the potential drop across the pole face is V,

we have \e

e/m

mv^. It follows that—

Using Duddcll's datum for V we find f'itt = 6-4X 10' and
j» = 2 8xio' cm. sec. Making additional assumptions,

of which the chief is that ball the curient is atom borne,

«•/>« - i'6 < 10' anj 2/ = I 4 X 10' cm. /sec. Such evidence

as has been obtained thus favours the recoil being due to

the pnjiiction of electrons. This conclusion is stated

with some reserve, but there can be no doubt as to the

existence of tbe pressure. The paper discusses the

relation between this phenomenon and photoelectric and
thermionic effects and tbe production of polar lines in arc

spectra of metals.

Royal Institution.— Next Tuesday, Match 18, at

3 o'clock, Piof. A. Kiith will deliver the first of a course

of four lectures at tbe Riyal Institution on "British

Ethnology— the People of Scotland." On Thursday,

March 20, Prof. C. H. Lees will give the first of two
lectures on " Fire Cracks and the Forces Producing them."

The Friday discourse on March 21, at 5 30, will be de-

livered by Prof. W. W. Watts on " Fossil Landscapes";
on March 28 the Right Hon. Sir J. H. A. Macdonald on
" Tbe Air Road."
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NOTICES OF BOOKS.

Pttroleum Refining. By Andrew Campbell. London :

Chailes Gtiffin and Co., Ltd. igi8. Pp. xv-f2g7.

Price 25s. net.

Up to the present there has been no book in the English

language devoted exclusively to the subject of petroleum

refining, but this gap In our literature is now well filled by

this very useful treatise, in which the ordinary methods oi

treatment, not including " cracking," are excellently

described. The examination of the crude oil is first dis-

cussed in perhaps rather unnecessary detail ; for example,

there ought to be no need to explain to the technologist

how to convert temperatures from the Fahrenheit to the

Centigrade scale. Full directions are given for the pet

formance ol flash point determinations, and an extensive

account is provided of the Lovibond tintometer and its

use in colour determination. The second chapter is

devoted to a description of the equivalent and arrange-

ment of the refinery, and then the methods employed are

discussed in turn, many diagrams and plans being pro-

vided as well as illustrations, sometimes not specially in-

structive, of machinery and plant. A short account is

given of candle-making. Detailed engineering specifica-

tions are provided, and a particularly full list of references

to the literature of petroleum refining, in which all articles,

^c, in the English language, which are likely to be useful

to the refiner, are included.

BOOKS RECEIVED.
"Osmotic Pressure.' By Alexandkr Findlav, M.A.,

D.Sc.F.I.C. Second Edition. London, New York,

Bombay, Calcutta, and Madras ; Longmans, Green,

and Co 1919. Pp. xi-fii6. Price63.net.
" Chimica delle Sostanze Esplosive." By Michele

GiUA. Milan : Ulrico Hoepli. 1919. Pp. xvi + 556.

Price L.28.

MISCELLANEOUS

Motor Owners Further Action.—The National

Council of the Commercial Motor Users Association

(Incorporated) has been informed that the Government

will shortly require employers to join a suitable Federa-

tion in order to regularise dealings with Labour. The

Council has accordingly entered into an arrangement with

the Motor Transport Employers Federation under which

the new condilions can be met by haulage contractors and

other owners of commercial motor wagons or vans.

Captain F. G. Bristow, who is Secretary to the two

bodies, can be addressed at 83, Pall Mall, London, S.W.i,

tor fuller information.

MEETINGS FOR THE WEEK
CoalMoNr)AV, ijih.— Royal Society of Arts, 4 30. (Cantor Lectures).

and ils Conservation," by Hrof. \V. A. Bone.

TUESDAY, iSth.—Royal Institution, v " British E\hnology—Th-
People of Scotland," by Prof. A Keith.

Instituiion of Petroleum Technologists, 5 30. "Plant
Employed in the Percussion Systems of Drilling

Oil Wells," by M. A. Ockendeo and A. Carter.

Wednesday, tgth.—Royal Society of Ans, 4 30. " Distribution of

He»t, LiKht, and Motive Power by Gas and
Electricity," by S.r Degald Clerk.

Thursday, joth.—Royal Institution, ?. " I-'ire Cracks and the I'orces

producing them," by Prof. C. H. Lees.

Chemical Society, 8. "Rotatory Dispersive Power
of Organic Compounds— Pan IX., Simple Rota-

tory Dispersion in the Terpene Scries." by T. M.
Lowry and H. H. Abram.

Friday, jisi.—Royal Inetitution, 5.30 " Fossil Landscapes," by Prof.

W. VV. Watts.

SATfRDAY, 2jnd. -Roval Institution, 3 " Spectrum Analysis and us

Application to Atomic Structure," by Prof. Sir J. ]
Thomson, O M.

Assistant Analyst (Woman), four years' ex-
^ ^ perience in General ,-Vnalytical Laboratory (Foods, Brewing-
sugars and Malts, Chemicals, &c.), desires London permanency.
Matriculated with Chemistry. Salary £''50 —Address, V. A. H.,
CliFMlcAL News Office, 16, Newcastle Street, Farringdon Street,

London, EC, 4.

Assistant, aged 21 to 24 years, required in
^*' .\nalyst's Laboratory.—Write, giving particulars of experience,

.*^i;., to O. A-, care of Street's, 30, Cornhill, E.C. 3.

C^hemist, aged 24, seeks permanent Position
^ in Laboratory in or near London. Seven years' experience in

analysis of Oils, Fats, Wa.ves, Soaps. Glycerin. Knowledge of
French.—Address, "C. 24," Chemical Nkws Office, 16, Newcastle
Street, Farringdon Street, London. E.C. 4.

Demobilised Cadet (19) requires Situation in
Laboratory. Good all round education; Public School.

Passed Inter. B.Sc One j'ear's previous experience.— .Address,

[. C. H., 23, Westcott Street, Hull.

French Young Man, aged 20 (French Bacca-
laureate Sc. Phil.), requires Employment in Chemical Works

or Laboratory.— .\ddress, J. M. Lerpette, 22, Rue des Guetteries,
Tours (T. es L.), France.

'Phe Council of the INSTITUTE OF
* CHEMISTRY are proceeding to the appoiotment of an
ASSIST.WT SECRKTAKV, at an initial salaiy of ^45'^ per annum.
—Candidates, who must be Members of the Institute, are invited to

communicate at once with the Rcoistrar, Institute of Chemistry, 30,

Russell Square. London, W.C. i.

Works Analytical Chemist required. One
conversant with Soap Manufacture, Nicotine Extractions, and

Agricultural and Horticultural Preparations. State full particulars

and salary required.—Address, W. A , Chemic.\l News Office, 1

Newcastle Street, Farringdon Street, Loudon, E.G. 4.

Experienced Research Chemist and Analyst,
with excellent Laboratory facilities in City, is now free to

undertake RESEARCHES connected with the manufacture o
CHEMICALS. INTERMEDIATES, DYES, &c. ; also the Utilisa-

tion of WASTE PRODUCTS and all classes ol ANALYSIS.—
" Laboratory." 7, 8, \- 9, Bolt Court, Fleet Street, London.

SWANSEA TECHNICAL COLLEGE.

\/Vdnted, a STEWARD for the CHEMICAL
» ' L.^BORATOKY. Good wages to a competent man.
Apply in writing, Btating experience, to the Principai,.

T. J. REES.
Education Offices, Swansea.

HERIOT-WATT COLLEGE, EDINBURGH.

Principal-A. P. LAURIE, M.A., D.Sc.

CPECIAL FIRST, SECOND, and THIRD
v-5 YEAR INTENSIVE COURSES for Student;; demobilised
from the Forces \\\\\ commence on April 15 next and continue till

U'l V 25, in the subjects of—
MECHANICAL ENGINEERING.
ELECTRICAL ENGINhERlNG,
MINING ENGINEERING.

These Courses will b^ suitable for Students desiring to refresh their

knt)wledge, or who wish to qualify for the Diploma of the College, and
will count as equivalent to one year of the usual Three Years' course
for the Diploma, either in the First, Second, or Third Years.

Fee, £12 I2S. : Matriculation Fee, {s.

APPLIED CHEMISTRY.
Similar Courses in Applied Chemihtry can also be obtained.

The attention of Demobilised Students is directed to thit arrange-

menlH made by the Government for Payment of Fees and Maintenance
of approi'ed applicants. _____

StudentK desiring to enrol must appl)^, stating full particularB as to

their pre-war University or Technical Coltege training to the Interim
Principal.

i
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THE ESTIMATION OF NITRO-GROUPS IN

ORG.\NIC COMPOUNDS
BY MEANS OV STANNOUS CHLORIDE.

By J. G. F. DHUCE, B.Sc.

Many nitrocompounds can be reduced to the corre-

sponding amino-compounds by means of stannous chloride

in the presence of hydrochloric acid. This reaction,

which may be expressed by the general equation

—

2R NOi + 6SnCl2 + 14HCI =
= 2R.NH2HCI + 6SnCl4 + 4H2O,

is found to be nearly always quantitative, and thus con-

stitutes a method for the exact determination of the per-

centage of nitro-group in an organic compound.
Altmann (yotini. Prakt. Chem., igoi, clxxi., 370) has

tested the trustworthiness with a number of various

types of nitro-derivatives in the following simple way. A
weighed quantity of the nitrocompound was added to a

known volume of stannous chloride solution, the strength

of which was known. After warming, the solution was
made up to a known volume and an aliquot part was
titrated with a decincrmal solution of iodine, or when the

solution was deeply coloured, with a decinormal potassium

permanganate solution.

In an earlier paper by S. W. Young {yoiirn. Am. Chem.
Soc, 1897, xix., Si2) an account is given of a mote
elaborate method which was used in the case of mdinitro-

benzene. This method, with slight modifications, has

now been tried for a number of nitro-compounds and is

found to give very satisfactory results. The procedure

adopted in the present work was as follows :—A weighed
quantity (about o'2 to 0.6 grni.) of the nitro-compound

was placed in an Erlenmeyer flask of 200 cc. capacity and

about 30 cc. of alcohol were added. The flask was con-

nected to a Kipp's apparatus, which generated carbon

dioxide. A slow stream of the gas was passed into (he

flask whilst it was warmed on a water-bath. When the

carbon dioxide had displaced the air in the flask, 50 cc. of

the stannous chloride solution of known strength were

added. The mixture was then warmed for two hours on

the water-bath, a slow stream of carbon dioxide being

pissei through all the time. The flask was then allowed

to cool, and when cold was disconnected and titrated with

a decinormsl solution of iodine, starch being used as

indicator.

The stannous chloride solution used was prepared by
dissolving 25 grms. of tin in 250 cc. of concentrated

hydrochloric acid and then makmg up the solution to

1000 cc. It was standardised against the iodine solution

immediately before use in each case as it gradually

oxidised.

Experimental.

Nitrobenzene.

!• 0'3747 grin- was dissolved in 30 cc. of alcohol;

50 cc. of stannous chloride solution were added. The
excess of the latter required 2075 cc. of the decinormal

iodine solution. Originally 10 cc. of the stannous

chloride solution required 40-50 cc. of iodine solution.

Volume of stannous chloride oxidised by the iodine

solution

—

20-75 X to

40-50
cc. = 5-12 cc.

Volume of stannous chloride oxidised by the nittogroup-

=^ 50-00-5 12 cc. = 44-88 cc.

Percentage NO2

—

44"

;ooo 6 0-3747
= 37-20 pet cent.

2. 0-3532 grm. was dissolved in alcohol
; 50 cc. of

stannous chloride solution were added. The excess
required 3140 cc. of the iodine solution. Percentage
N02 = 37-26.

3. 0-3380 grm. was dissolved in alcohol; 50 cc. of

stannous chloride solution were added. The excess took
38 65 cc. of iodine solution. Percentage NO2 = 37-17.
C6H5NO2 requires 3739 per cent NOi.

o-Nitrotoluene.

1. o 3838 grm. was dissolved in alcohol ; 50 cc. of

stannous chloride solution were added. The excess
required 322 cc. of the iodine solution. Percentage
NO2 = 3402.

2. 0-3528 grm. was dissolved in alcohol
; 50 cc. of

stannous chloride solution Were added. The excess
required 46-40 cc. of iodine solution. Percentage
NO2 = 33-94. C7H7NO2 requires 34-37 per cent NOi.

la-Niiroaniline.

1. 04012 grm. was dissolved in alcohol; 50 cc. of

stannous chloride solution were added. The excess needed
28-80 cc. of iodine solution. Percentage NO2 = 3321.

2. 0-352S grm. was dissolved in alcohol
; 50 cc. of

stannous chloride solution were added. The excess

required 49-5 cc. of iodine solution. Percentage NO2
= 33'29-

3. 0-3613 grm. was dissolved in alcohol; 50 cc. of

stannous chloride solution were added. The excess took

45-6 cc. of iodine solution. Percentage N02=33-3i.
NH2.C6H4.NO2 requires 33-25 per cent NO2.

p-Nitroaniliiie.

1. 04052 grm. was dissolved in alcohol
; 50 cc. of

stannous chloride solution were added. The excess needed

27-75 cc. of iodine solution. Percentage NO2 = 3308.
2. 0-3593 grm. was dissolved in alcohol

; 50 cc. of

stannous chloride solution were added. The excess needed

45-30 cc. of iodine solution.

10 cc. of stannous chloride was here (and subsequently)

equivalent to 40-10 cc. of the iodine solution. Per-

centage N02 = 33-I2. NH2C6H4NO2 requires N02 = 33-25

per cent.

m-Dinilrobenzene.

1. 0-2558 grm. was dissolved in alcohol; 50 cc. of

stannous chloride solution were added. The excess took

r8 65 cc. of iodine solution. Percentage NO2 = 54-51.

2. 0-2308 grm. was dissolved in alcohol; 50 cc. of

stannous chloride solution were added. The excess needed

36-50 cc. of iodine solution. Percentage NO2 = 54'47-

3. 0-2614 grm. was dissolved in alcohol ; 50 cc. of

stannous chloride solution were added. The excess

required 14-05 cc. of iodine solution. Percentage

NO2 = 5470. C6H4(N02)2 requires NO2 = 54-76 per cent.

^Nilroplienol.

1. 03385 grm. was dissolved in alcohol; 50 cc. of

stannous chloride solution were added. The excess

required 54-5 cc. of iodine solution. Percentage

N02 = 33'o6.

2. 03789 grm. was dissolved in alcohol; 50 cc. of

stannous chloride solution were added. The excess

required 3795 cc. of iodine solu ion. Percentage

N02=-32-8g. HO.C6H4.NO2 requires N02 = 33o8 ?"
cent.
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THE GOVERNMENT AND THE ORGANISATION
OF SCIENTIFIC RESEARCH.'

By S'r F. ANK HliATH, K.C.B.,
Secretary, Department of Scienlitic and Industrial Kesrarch.

(Concluded from p. 129}.

The Encouragement or Research Workers.
The Advisory Council confirmed at an early stage the

i'ears of a shortage in the numbers of trained research
workers. The Consultative Committee of the Board of

Education h&d reported in igi6 on the need for enlarging;

the output of our universities, and more recently the

Prime Minister's Committee on the Teaching of Science,
under the chairmanship of the President of the Royal
Society, has urged " that a large increase in the number
of students passing through our universities is a matter of

great national importance." The large plans recommended
by the Advisory Council for the extension of research
work will increase the demand for trained workers already
inadequate for existing needs. The Research Department
cannot directly ensure a larger entry to the universities

and technical colleges, or assist young men and women
during their undergraduate period, but it has already done
something to help those who have acquired enough know-
ledge to begin research or who have shown capacity for

original investigation. During the academic year 1916-17,

a sum of over ;f3500 was spent in this way, in spite of the

continued withdrawal of young men for military service.

In 1917 18 the expenditure rose to ,^7500 and during the

current year to £10 000. Now that men are returning in

large numbers Irc.m the fighting services to the colleges

and universities it is anticipated that over X30.C00 can
usefully be expended on this service during next academic
year. The method of procedure adopted by the Advisory
Council is as follows : In the first place, there are no
scholarships or fellowships. The grants are not honorific

awards carrying titles and encouraging the competitive
instinct. The amount of the grant is determined within

wide limits by the circumstances of each individual case.

In the next place the applications are made upon the

personal responsibility of the head of the department in the

institution to which the worker is attached ; or, if the

applicant is a private worker, upon the personal responsi-

biliy of a man of scientific standing who vouches for the

case and speaks as to the circumstances. Careful records

are kept of the performances of workers recommended by
professors and others, and the value of their lecommenda-
lions is assessed accordingly. It has been found that this

delegation of responsibility has worked well, much better

indeed than the practice of leaving recommendations to

boards of studies or to the university in its corporate
capacity. And naturally so, for no one knows a student
or worker so well as the man with whom he has worked.
Each application comes before a Committee of the

.•\dvisory Council, and they make the award after co sul-

tation in particular cases with carefully chosen referees

outside the Department. The grants made are of four

kinds : (i.) Maintenance grants to students to enable

them to be trained in methods of research ; these grants

ate made for a year, but may be renewed for a second
year. (ii.) Grants to independent research worker.";

devoting their whole time to research, whether in pure or

applied science ; these grants aie aI^o made for a year,

and may be renewed for a further four years, (tii.) Grants
to a teacher engaged on research to enable him to employ
a suitable assistant to help him in his research, but not in

his teaching, (iv.) Grants in special cases to a worker
investigating some new branch of science to enable a

research lectureship 10 be established in a university,

pending the provision of a suitable endowment from
other sources. The Department has a close working
agreement with the Royal Society, who administer a

special Government fund for aiding research workers,

* Read before the Royal Society of Arts, February y2, 1919.

under which the two bodies work in concert, keep each
other fully informed of the cases that come before them,
and refer to the other those applications which appear to
be more suitable for their consideration.

The Organisation or Industrial Research.
The second branch of the work deals with the encour-

agement of research in the industries. The Advisory
Council recognised that many of our industries were
making less use of science than was desirable, or indeed
necetsary, if they were to survive. But they realised that
there were many causes for this. They refused to endorse
the easy cry that manufacturers were too ignorant or too
indolent to make use of scientific men. This may be one
factor in some cases, but it is by no means the whole
story. The Council attempted to analyse the position in
their first annual report, and I need not repeat the analysis
here. It will suflice to say that the relatively sinall size
of the majority of British firms, the shortage of well-
trained researchers and even t f routine workers in science,
and the lack of mutual understanding between the univer-
sities and the industries, were some of the difficulties in

the road. The Council reached the conclusion that any
safe advance must be made by the industries themselves,
that the most hopeful means was cooperative action by
the firms in each industry, and the best the Government
could do was to encourage co-operation, while leaving the
immediate responsibility to those who presumably knew
most about the conditions of the industry, i.e., to the
manufacturers themselves. Thus the scheme for co-
operative research associations came into being. These
associations are limited liability con-.panics working with-
out profit and with a nominal guarantee from their

members in place of shares. The members of each asso-
ciation make an annua! subscription, usually proportionate
to the size of their business, towards the income of the
association, and when the memorandum and articles of
the association have been approved by the Department
and a licence has been issued by the Board of Trade, the
Board of Inland Revenue recognises the subscriptions of
the members as " business costs," i.e., as free from income
tax and excess profits duties. If. in the opinion of the
Department, further help is needed, it will make an annual
grant-in-aid to the association for a period of five years.
This grant is in the first instance usually pound for pound,
but the average over the whole five years will in most
;ase9 be less than this. The intention is to give the new
associations an impetus over a period sufficiently long to

enable them to prove the value of research, .\fter that it

is anticipated that they will need no encouragement to
continue the good work.
The Department acts as a clearinghouse of information

for the associations, and gives all the assistance and
advice in its pov/er, whether the association is in receipt
of a grant or not. The association has full control of its

own income, whether from Government or from its

members, and all the results of research are the sole pro-
perty of the association held in trust for its members.
The Department asks to be kept informed, acts as the
go-between when an association seeks to sell its results to
another industry or association, and reserves the power to
prohibit the communication of results to a foreign body or

person. But this is the limit of Government inter-

ference. The .\dvisory Council laid stress upon the repre-
sentation of science as v/ell as capital and management
on the board of directors, and they think it desirable that
there should be some representation, if possible, of skilled

labour. They also lay great stress upon the appointment
in each case of a responsible technical oflicer as director
of research, in order to ensure the unity of direction which
is as necessary in research as in the battlefield. Two
other important points of detail should be mentioned.
The scheme of the Advisory Council contemplates that
the associations should be limited in each case to those
firms in an industry or in a gr'nip of closely related indus-
tries whose interests are sufficiently homogeneous to
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'nduce them to pool their resources for the purposes of

research. It will not usually be feseibic for both pioduccrs
and users to combine In a single association unless, as in

the case of cotton, the producers and users are so inti-

mately related that the processes of each immediately
aDect the whole business of the other. The various non-
ferrous metal trades can combine without difficulty. The
different branches of the internal-combustion engine trade

cannot. The problems of the aeroplane engine and the

heavy Diesel motor are at present too remote Irom each
other.

The second point is that the scheme contemplates the

establishment of one association of each kind for the whole
United Kingdom—not a series of local associations. Ex-
perience has shown that a number of local associations in

the same industry would rais<: questions which would in-

evitably lead to Government interference, and that the

number of competent research workers, and especially

men fitted to be directors, is far too small to allow of this

procedure. A single national association avoids '.bis

danger and has the important advantage of commanding
larger resources as well as wider experience. On the other

hand, where an industry is widely distributed over the

three kingdoms provision is made for local branches and
committees with large scientific autonomy, so as to allow

the research undertaken to correspond with the variety of

problems arising from local differences In material or

processes or types of product.

That is the scheme in barest outline. There are four

associations already at work, fifteen more are just ;oming
into existence, and another eleven are in the earlier stages

of formation—In all some thirty. You will realise that

great elasticity in financial arrangement was necessary to

allow the Government lo make agreements suited to the

varying conditions of the many Industries of the country,

and that it was desirable to give an indication from the

outset that the grants made would presumably cease after

a period of some five years. Accordingly the Advisory

Council recommended the establishment of a special

limited fund for this purpose, and you, my lord, Induced

the then Chancellor of the Exchequer to ask Parliament

for a fund of a million sterling to be spent, both capital

and Income, in aiding approved research associations. The
fund Is held by the Imperial Trust for the Encouragement
of Scientific and Industrial Research, a body of seven

Cabinet Ministers to whom a Royal Charter has been

granted to enable them to hold this and other property for

the purposes of the Department.

The Org.^nisation of National Research.

We may now turn to the third section of the field

—

which I have spoken of as the Organisation of National

Research. You will have noticed that all the work already

described is national in a sense, but it is work which the

Advisory Council realised the Department had better

delegate to authorities not itself. There remains a

growing body of work which lor one reason or another

the Government must do its'ilf, and this is what is meant
by the phrase " National Research." The work In ques-

tion may be divided into three subheads. Here again it

will be seen that, leaving aside the function of intelligence

which is a matter of orderly collection, collation, and dis-

tribution by competent officers acting in general conformity

with the directions of the Advisory Council itself, the policy

is one of delegation to persons specially qualified by their

knowledge and experience to do the work In hand, with

great freedom to initiate and carry out a scheme of work
which they themselves have devised.

I. A Charing-home 0} Information.

I have already referred incidentally to the function of

the Department as a clearing-house of information lor the

industrial research associations. It similarly acts as a

clearing-house for all the research organisations and

workers with which It Is officially connected. But it con-

fines itself to this. The Council has been urged from
many directions during the last two years to establish or
aid in establishing a gre* central bureau of scientific and
technical knowledge to which all and sundry might come
for inlotmatinn from all the world over, which bears upon
any conceivable point of scientific or technical interest.

The proposal has been most carefully examined and as
decisively rejected. Such a bureau, which would be many
times larger than the Institut Solvay at Brussels, would
need the services of hundreds of scientific men and
linguists. Even if its Information could, at great expense,
be kept moderately up to date. It would necessarily be in

arrear of the knowledge ot any scientific worker who is

abreast of the literature of bis own subject, and since it

would be prepared by persons not themselves actively en-
gaged in research or in industry would In many cases at
least omit details of importance to one or other line of
advance. For a detail ot subordinate importance to one
worker may be vital to the interests of another.
On the other hand, the workers of the research associa-

tions, the research boards, and research committees
working officially under the Department will often be doing
confidential work of great interest and im'-irtance to each
other, and if there is not some central clearing house the
rate of advance will be much slower than It need be. This
service the Department is undertaking, and it Is likely,

even when thus narrowly defined, to be a fairly big
business. Moreover, the Department is slowly con-
structing a confidential register of research workers and
their work for the benefit of the different organisations
related to It, and, now that the great war services are
being curtailed, an inventory of scientific apparatus and
machinery of which the Government is anxious to dispose.
It is also slowly forming a technical library, and hopes
that this library, as well as a common room, may be used
by officers and directors of the research associations for
meeting each other, and discussing v/ith officers of the
Department matters of common interest.

II. Investigations curried out for other Departments
of State.

The next subhead of National Research is far more !m
ponant. It deals with Investigations carried out for other
Departments of State. It had been recognised from the
beginning that If the Department v/ere to initiate re-

searches of its own on the advice of the Advisory Council
without knowing the bearing they might have on the work
or intentions of other Departments ol State, confusion and
worse than confusion might result. Accordingly, the
Minister invited each Department of the Government to
appoint one or more assessors to the Advisory Council.
The assessors have the right to attend the meetings of the
Council and receive the agenda papers and minutes of the
Council. They also furnish the natural channel of
informal communication between the Department of
Research and the Departments they represent. This
device has had the happiest results. The Council is

informed from the first as to the attitude of the Depart-
ments concerned in any business which may arise, and
difficulties are threshed out before proposals are formulated,
and not alter they have been adopted by the Department.
Many Government Departments are engaged on research
for their own purposes, and repeatedly the Council has
deferred the consideration of proposed investigations which
it learnt were engaging the attentlou of other Departments,
even though the research might cover only part of the
field, until the cons dered views of all parties concerned
had been ascertained and unified. It has thus been possible
on more than one occasion to remove overlapping already
in existence, and to bring the workers under different De-
partments together into a co-ordinated plan of attack.
The Council never knowingly enters a field of work already
occupied, even in part, without previous agreement with
the Departments concerned. The assessors on the Council
have made this plan possible and easy. For more than a
year past the Council has been similarly brought into



136 Government and the Organisation of Scientific Research, Chemical News,
March 21, igi9

touch with research work in Canada by the presence at its

meetings of Prof. McLennan, F.K.S., as assessor from
the Canadian Advisory Council for bcicniiflc and Indubtiial

Research. But this is not all. The close understanding

which has been reached with the administrative Depart-

ments o( State has led them to request the Research
Department to undeilake foi them a number of investiga-

tions which were less well suited for an administrative

oigan than (or one like the Research Depaitment, which
is Tree from the embarrassments that administration of the

law entails. Thus the Home Office invited the Depart-

ment to investij;ate the question of mine rescue apparatus.

The first report of the committee established by the

Advisory Council has proved on publication to be so

valuable in directions hitherto unexpected, that the

Commander-in-Chief in France asked that the committee
might be placed in touch with General Headquarters.

The Local Government Board invited the Department to

undeitake a series of researches into building materials in

connection with the housing policy of the Government,
and ihi., led to similar requests from the Commissioners of

Woods and Forests, as regards home grown timber, from
the War Office, and from the Board of Agiicultute. So
that from small beginnings a large body of researches into

problems ot building has been undertaken. These are but

two examples out of many cases in which other Govern-
ment Departments have welcomed the services which a

Department of Research can render. The Advisory
Council usually invites each Government Department con-

cerned to nominate one of its technical officers to serve on
any committee it may appoint to conduct research at the

Government expense and for Government purposes,

whether the proposal emanates from themselves or from
some other Department. But it never appoints an ad-

ministrative officer to a research committee or to the

research boards of which I am going to speak, for it is in

their view essential to avoid any idea that the findings of

a committee or board have been in the slighest measure
the result of administrative policy. The findings of the

committee must be taken on their merits, and the adinini

sttative Department or Departments concerned are free on
their ov/n responsibility to adopt or neglect them as they

may find necessary ot desirable. Nevertheless the Council

is prepared when it is bo desired to appoint administrative

officers from the Departments concerned as assessors to a

research committee or board, in order to keep the admini-

stration in touch with the direction in which the committee
is moving—often a useful arrangement.

III. Research Boards.

When a large group of researches has to be undertaken

in the national interest and an elaborate organisation for

research has to be set up, the Advisory Council has recom-

mended the Ministei to give the research committee a

more independent status, and to place it in closer relation

to himself. This is the third type of organ (or national

research, and is called a research board. The work done
by boards is not only wide in scope and complex in organi-

sation, but it is always woik which for one or more reasons

is not susceptible of organisation by an autonomous body
like a research association. It is also work which must,

because of this, be paid for altogether or almost altogether

by the taxpayer. The first board of this kind to be estab-

lished was the Fuel Research Board. Fuel and economy
in its use affect the poorest worker in the land as intimately

as the largest consumer. Fuel is the basis of all our in-

dustries and of our supremacy at sea. No a'^sociation

of manufacturers could be expected to attack so wide a

range of problems in all its parts. The cheapest and
fairest way o( distributing the burden was to place it on
the shoulders of the taxpayer. In a word, this was a

typical piece of national research. The same arguments
apply to the preservation of (ood as to the conservation of

coal, and at a later date Lord Curzon established the Food
Investigation Board to deal with this vastly important

group of problems.

The Advisory Conncil had been considering the question
of luel at the eailiest of its dclibetations, and the report of

Lord Haldanc's Coal Conservation Committee made
definite recommendations which led directly to the estab-

lishment of the Board. In the case ot lood the impetus
came first from the Ministry o( Food and the Boaid of

Agficuliure and Fisheries, both of which Departments
were deeply concerned in the feeding of the people.
Similarly, it was the Secretary of State for Home Affairs

and the Medical Research Committee which, severally and
within a single week, invitid the Advsoty Council to take

up the question oi industrial fatigue. This led to the

establishment of the Industiial Fatigue Research Board,
which apatt from the importance of its special field of

work, is mteiesting because it was appointed jointly by the

Research Department and the Medical Research Com-
mittee. One futthet example of a research boaid must
suffice in illustration of this part of the Department's
work. I refer to it not only because of its inherent impor-
tance, but because it shows the elasticity which the policy

thought out by the Advisory Council permits. The Govern-
ment decided to assume responsibility for the National
Physical Laboratory as from March 31st last, on the invi-

tation of the Royal Society, who had previously been
responsible (or its maintenance. The Laboratory had
been administered since its inception by an executive
committee appointed by the Society under the terms of a

scheme approved by the Treasury, who made it an annual
grant in aid. It was found on investigation that ail the

powers of scientific control exercised by the Royal Society
through the executive committee could be continued if the

executive committee were taken over as a research board
by the Department. Accordingly this was done. The
growth in the importance of the Laboratory during the war
will be realised when you remember that the total income
of the Laboratory in 1913-14 was;f43,7i3 63. lod., while
the amount taken for the Laboratory in the estimates o( i

the Research Department for the coming year, igig 20, is I
£154. 650. 1

The responsibility and initiative entrusted to a research
board are very great. When the Minister has appointed a
research board on the recommend.ition of the Advisoiy
Council, the board is invited to prepare a scheme of work
and a budget of expenditure. These are submitted to

the Minister together with any remarks upon them the

AdTisory Council may wish to make. The Council does
not amend the scheme or estimates of a board, for research

boards are responsible directly to the Minister and their

chairmen have immediate access to him. The less impor-
tant research committees are appointed by the Council
itself, and are subject to its control both in their schemes
of work and their proposed expenditure. The recommen-
dations which go to the Minister are recommendations of

the Council, not of the committees. But both research
boards and committees, when once their proposals are

approved, have full power to expend the appropriations
made to them, subject only to the rules imposed upon all

public expenditure by Parliament.

The PRiNcirLii of Dellgation.

The research boards and committees consist of men of
science, men of business, and technical officers of the
Government Departments concerned. They prepare
schemes of work, select the researcher and determine the

amount of his remuneration, but they do not as a rule

conduct research themselves. They are execntive bodies.

The Advisory Council is not executive, but deals with
general policy. Here again it will be seen that the pro-

cedure has been to delegate authority, even in the case of

research carried out by the Government for national pur-
poses to bodies of experts. It is a commonplace among
administrators to fear the expert, and there is no doubt
that, taken singly, he may be a very embarrassing and
even dangerous being, but he is far less dangerous when
he works with other experts of his own kind. II in addition

the experts are confined to their own " expertise," as it has
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been called, they are no more dangerous than other able

men, and, as m<ght have bc^en expected, they do
their own work better than others can do it for them. It

was well said some years ago that the main problem
which Government Departments would hive to solve in

the present century was how to use the expert. The
Research Department is an experiment in this direction.

The attempt to difTerentiate the work of the Department
according to function, and give each class of work to the

appropriate type of worker, has not only secured the

strenuous assistance of the man of science and the man
of busmess, each contributing from the fulness of his

own knowledge, but it has greatly strengthened the

position of the Civil servant whose business is administra-

tion. It has strengthened it because it has limited his

responsibility to the matters which belong to bis kingdom.
The administrative head of the Department has no power
to advise his Minister upon the scientific policy to be pur-

sued, and it would be impioper for him to do so, were be
the most distinguished man of science in the c luntry.

Since he is only an administrator be is under no such
temptation. If the scientific initiative emanates from the

Minister himself or from another Department it stands

referred to the Advisory Council. All other initiative

derives from the Council itself. The duty of the Adminis-
trative Civil servant is to advise the Council and the

Minister of the bearing which any proposed line of action
will have upon the work of other Government D -partments
and especially the Treasury, or upon the attitude of Par-

liament, or upon the finance of the Department. He has
to deal with questions arising in the House and with the

machinery by which the work of the Department is

regulated. Finally, the Civil servant is responsible
under the Accountant-General for the supervision
of all expenditure and of all property held by the

Imperial Trust, including patents, and funds held
in trust for the Department. Here is plenty—which may
properly engage the best energies of a well-traine 1 stalif

of Civil servants. Lord Haldane's Committee on the

machinery of government which has recently reported 10

the Minister of Reconstruction, sees in the experiment I

have tried to describe the germ of what may ultimately

become a great Department of Research and Information,
influencing every administrative organ of the State,

because it is the servant of them all. Be that as it may,
the mere suggestion is an acknowledgment of the

courageous faith with which the Government in 1915 eet

out upon this particular adventure, in reliance on the law
that sound organisation is always based upon the proper
differentiation of function.

To sum up. The activities of the Department are

exercised in three main directions. First, it seeks to

encourage the worker in pure research by looking for bim
in the places where he is most likely to be found, through the

eyes of individual men and women who are themselves
engaged in research and teaching others how to begin.
When the man or woman has been found who needs assis-

tance, they receive it in liberal measure, with no restric-

tions beyond the necessity of showing that they ate

continuing their work. Secondly, the Department is

helping the firms in different industries to co-operate, with
a view to raising the funds necessary for employing first-

rate men of science in the solution of the problems with
which tbey are faced and in the scientific development of

the industry in question. In this connection the Depart-
ment is building up a clearing-house of information for the

benefit of all concerned. Finally, the Department is

offering its assistance, on the other hand, to other G .vern-

ment Departments who desire to have research undertaken
oa a scale and for purposes which they cannot themselves
easily compass. On the other hand, it is organising re-

search into problems of practical utility, which are of such
wide importance that they cannot be handled by any one
section of the nation. In both regards it proceeds by
delegating the responsibility for the conduct of this work
not to officials but to boards of experts, who are entrusted

with the preparation of the scheme of work, the employ-
ment of the workers, and the control of us execution.

The principle, as you will see, throughout is the same—the

principle ot delegation to those best ficted for the work in

band.

THE CASE FOR A RING ELECTRON.*

By Dr. H. S. ALLEN.

For many purposes it is sufficiently accurate to regard the

unit of negative electiicity as a point charge, but for a

more exact determination of its properties it is necessary
to assign some definite shape to the distribution of

electricity constituting the electron. Thus the shape is

often assumed to be that of a sphere or spheroid. Although
the spheroidal form possesses advantages from the stand-

point of mathematical analysis, there are many reasons
why it is preferable to assume that the electron is in the

form of a current circuit which can produce magnetic
effects. Then the electron, in addition to exerting

electrostatic forces, behaves like a snii ' magnet. In its

simplest form the magnetic electron may be looked upon
as a circular anchor ring of negative electricity which
rotates about its axis with a velocity which is cer-

tainly large, and is perhaps compa<able with that of light.

Parson has suggested th.u the name magneton should be
applied to this electron {Smithsonian Misc. Coll., 1915,
Ixv., No. 11) ; but, as this term has alieady been employed
in a somewhat different sense, I prefer to speak of the

ring electron.

With reference to the corpuscular theory of light. Sit

Isaac Newton wrote :
—" I shall not assume this ot any

other hypothesis, not thinking it necessary .

yet, while I am describing this to avoid circumlocution

and to represent it more conveniently, I shall speak of it

as I assumed it and proposed it to be believed." In col-

lecting the arguments in favour of the ring electron I do
not wish it to be understood that I am in agreement with

them all or with the views of all those who have supported

this hypothesis. Some of the arguments have been well

stated in Parson's paper on a magneton theory of the

structure of the atom.

Part I.

—

The Arguments for a Ring Electron.

1. Loss of Eneruy by Radiation.—The most important

difficulty in connection with the classical electron is that

of the radiation which must take place, according to the

laws of electrodynamics, when the electron (or a number
of electrons) is circulating in an orbit. This difficulty,

though perfectly well known, is usually ignored alto-

gether in the discussion of atomic theories. When the

number of electrons in the orbit is increased the loss of

energy is greatly diminished, and the difficulty may be

met to a certain extent by postulating rings containing

many corpuscles. We now know, however, that in the

case of the lighter atoms—hydrogen, helium, lithium —the
number of electrons is small ; 10 fact, it appears certain

that Moseley's atomic numbers, H = I, He = 2, Li = 3 . . .

must be accepted as representing the number of electrons

in the atom. The only way left of meeting the difficulty

for the classical electron is to postulate such a " binding "

of the electron to thS nucleus as precludes ratiiation in the

stationary state of the system (Bohr). This is, ot course,

purely hypothetical, and it is certainly simpler to do away
with the difficulty altogether by assuming the rotation of

an annular change. Radiation will then occur only in

the case of disturbances or irregularities in the annular

motion.
2. Diamagnetism.—The second objection to the pre-

vailing theory arises in connection with the explanation of

Opening Paper on a Discussion on "The Case for a Ring

Electron," at the Imperial College of Science, October 25, 1918.

From the Proccc.lingi of the Physical Society, xxxi., Part 5.
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diamagnetic atoms—and most substances are diamagnelic.

In Older to account for a zero resultant magnetic moment,
the independent orbits must be considered to have their

axes uniformly distributed in three dimensions. Inter-

ference between separate rings of this sort would result in

an altogether chaotic motion in the atom. Whilst such

chaotic motion would be consistent with diamagnetism, it

would invahdate all those considerations wLich presuppose

the existence of definite periods of vibration in the atom.

The question is discussed at some length in Parson's

paper. The substitution of the ringelectron lor Lsngevin's

electron in orbital motion removes the fundamental diDi

cullies of his theory, but leaves the superstructure almost

intact. That this substitution can be made clear by a

short quotation fiom the conclusion of his paper ;

—

"... and we can form a simple and exact picture

of all the tacts of magnetism and of diamagnetism by

imagining the individual currents produced by the electrons

to be indefoimable but movable circuits of no resistance

and very great self-induction, to which all the ordinary

laws of induction aie applicable."

3. Paramagiietisnt.— In the older theory there are cer-

tain outstanding difficulties in connection with the explana-

tion of paramagnetic properties. No satisfactory explana-

tion has yet been given as to how the orbits beconie tilted

under the influence of an external magnetic field.

Although it may not be easy to develop a complete

mathemaiical treatment of the behaviour of the ring

electron in a magnetic field, it would certainly seem
easier to understand the tilting of such a system than

Ui3l of a single particle moving in a closed orbit.

By means of X-ray photographs showing the Laue
diffraction pattern for crystals of magnetite, hematite, and
pyrrhotite in the magnetised and unmagnetised state,

K. T. Compton and Trousdale came to the conclusion

that the atoms do not leave their positions of equilibrium

during magnetisation (Pliys. Rev., 1915, v., 315). These
results may be regarded as consistent with any form of

the electron theory of magnetism, but the hypothesis of

ring electrons seems to afford a particularly cle^ir and
straightforward explanation of the phenomenon.
A further step in the analysis was taken by A. H.

Compton and O. Rognley, who examined the intensity of

the reflected beam of X rays reflected from a crystal face

(Phys. Rev., 191S, xi., 132). In no case v/a» any change
observed in the intensity of the reflected beam when the

ctysta was magnetised or demagnetised, though the

method was sufficiently sensitive to detect a variation in

the intensity of less than i per cent. Since the intensity

depends upon the arrangement of the electrons in the

atoms which make up the crystal the authors conclude

that it is neither a group of atoms, such as the chemical
molecule, nor the atom iltelf which is the elementary
magnet. We must look to the atomic nucleus, or to the

electron for the ultimate magnetic particle.

The existence of a zero point energy of rotation is sup-

ported by the magnetic susctptibility of paramagnetic
substances. According to Osterhuis (Pliys. Zeit., 1913,

xiv., S62) most of the deviations from Curie's law found

at low temperatures may be explained quantitatively on
this assumption. This vitw hss been supported by
Keesom {Konink. Akad. AnnUrdam, 1913, xvi., 454, 46S).

It receives a natural explanation if the ring electron be

accepted, for the electron would retain its magnetic pro-

perties at low temperatures.

The existence of a mechanical efTect accompanying
magnetisation was foretold by Richardson in 1908 [Phys.

Rev., igo8, xxvi., 248). Assuming that th: resultant

magnetic fields which the atoms of magnetic (as opposed
to diamagnetir) substances possess, arise from the motion
of their constituent electrons in closed orbits, there must
be a moment of momentum per unit volume proportional

til the intensity of magnetisation. Einstein and De Haas
(Dtntich. Phyi. GeselL, igts, xvii., 152) succeeded in

observing the effect predicted by Richardson, and obtained

a factor of pioportionality corresponding to that which

would be due to negative electrons. Experiments a'
Princeton by Stewart led to a value only one half of that
obtained previously (Pliys. Rev., rgiS, xi., 100). The
magnitude of this momentum can be accounted for if

positive, as well as negative, charges are moving within
the atom, but in opposite directions. A similar result was
obtained in the work of S. J. Earnett, who showed that a
rotating cylinder of iron becomes magnetised {Phys. Rev.,
iQtj, VI., 239). This may be regarded as the converse of

the Richardson effect. The relation of these phenomena
to the properties of the ring electron has been discussed
by Webster {Phys. Kev., 1917, ix., 484).

4. The Asymmetry of certain Types of Radiation.—In

order to explain the asymn.etry of scattered X radiation,

A. 11. Compton {Joiirn. Wasli. Acad. Sci., January 4,

1918) has examined theoretically the scattering to be
expected when the electron is in the form of a spherical

shell, each part of which can scatter independently and
may be capable of rotational motion. He found that it

was then possible to explain not only the asymmetry of

the scattered rays, but also the diminution of scattering

with decrease of wave-length. Since the mass of an
electron cannot be accounted for on the basis of a uniform
distribution of electricity over the surface of a sphere
Compton suggested that the true shape of the electron

may be that of a ring. His estimate of the radius is

23 X 10- 'c cm., but reasons have been given for supposing
that this estimate must be reduced to about one-tenth of

the value stated {Nature, igtS, c, 510).
The same kind of asymmetry occurs in the case ot

corpuscular radiation excited when X rays fall on a thin

plate of any material. E. A. Owen {Proc. Phys. Soc,
1918, XXX., 133) has recently carried out experiments
which show that no difTerence can be detected between
the ratio of emergent to incident corpuscular radiation

when the screen from which the corpuscles are ejected is

changed from the crystalline to tht amorphous state.

This result renders doubtful the explanation of asymmetry
put forward by H. .\. Wilson, who attributed it to the

difference between the behaviour of crystalline and
amorphous material, and suggests that an explanation of

a more fundamental character is necessary to account for

this phenomenon. This view is supported by the fact

that the ratio of emergent to incident corpuscular radia-

tion is approximately the same for the two salts investi-

gated and for the metals, gold and silver. It would
appear that the asymmetry must be due to some property
of the electron itself and not of the atom from which the

election is liberated.

5. Absorption of X rays by .Magnetic Substances.— It

has been observed by A. H. Forinan {Phys. Rev.. igiO,

vii., 119) that iron has a slightly gieater alsorption co-

efficient for X rays when magnetised parallel to the trans-

mitted beam when unmagnetised. (In Faraday's note-

book is found the suggested query:—" Does this
1 magnetic]

force tend to make iron and oxide of iron transparent .' ").

This may be attributed to the fact that when the axis of

the ring electron is parallel with the incident X-rays the

energy scattered by the electron is a maximum (A. H.
Compton).

6. lonisation of Gases by X rays— It has long been
known that the ionisation produced in a gas by Runtgen
radiation or altra-violet light is remarkably small ; when
the ionisation is strong the ratio of the free ions to the

number of gas molecules is less than i : lo's. This may
be explained by some form of the unitary theory of light,

but an alternative explanation may be suggested to the

effect that there may be only one plane in which the

electrons can absorb sufficient energy from the Rontgen
ray for ionisation {cf. A. H. Forman, loc. cit.}.

These ideas may have some bearing upon the work of

Righi on the ionisation of gases by X rays in a magnetic
field {R. Accad. Sci., Bologna, 1916 1917, iv., i ; 1917-

1918. v., 3). Experiments carried out under very varied

conditions led to tbe conclusion that the magnetic field

tends to favour ionisation of a gas by diminishing tbe
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energy required. Thus an ion or an electron in motion
Can ionise a gaseous atom on collision, when a magnetic
field exists, although the kinetic energy of the electron
does not reach the minimum value that is necessary in the
absence of the magnetic field. This effect is termed
" magneto-ionisation."

7. Thermo-slectric Effects. - Grondahl claims to have
obtained experimental evidence for the existence of an
electron endowed with a magnetic moment {Pliys. Rev.,

1917, X., 586). Such an electron would be affected by a
non uniform magnetic field. A conductor placed in such
a field would therefore gain a negative potential in that
part which lies in the stronger portion of the field. A
magnetic field should produce an effect on the thermo-
electric force of magnetic substances. This effect wjs
examined in the case of a copper iron couple, the iron

member of which was a short wire which could be placed
in a magnetising coil. Theory predicts an increase in the
thermal E.M.F., and this was actually observed and
found to be of the order of magnitude to be expected.

8. The Radiation Formula of Pianck.—A method of

deducing Planck's radiation formula by making certain
assumptions as to the internal mechanism of Parson's
' magneton " has been given by Webster (^m. Acad. Proc,
IQ15, 1., 131 ; Phys. Rev., 1916, viii., 66). Energy is

stored in the rotating ring in a non-radiating form. " If

the electricity is movable on the ring in any other way
than as a rigid mass, the alternating external force of a
light wave will induce oscillations on it capable of absorp
tion and radiation of energy. These induced oscillations

were shown to give an explanation of refraction, diffraction,

and allied phenomena almost exactly like that of the
classical electron theory. \t the same time the internal

mechanism assumed above for transferring energy between
the oscillations and the circulation can be supposed to

damp the induced oscillations, transferring their energy to

the rotation, until the energy accumulated above the

initial value reaches some definice multiple of the
quantum. At such a point it is assumed that the process
may be reversed, starting a large oscillation, which will be
maintained constant at the expense of the circulation, until

the excess energy is all radiated away. The probability, »;,

- that such an oscillation will start when the stored energy
reaches a given multiple of hi> is given by Planck's con-
dition {i-ri)li} = p\, wheie I is the mean square
of the electric field per unit frequency interval, and p
is determined so as to give the Jeans-Rayleigh law
at low frequencies. The entropy of the system is then
found by Planck's equation S = A log W, where the
microscopic state of a system is determined by the total

accumulated energy of each oscillator. The derivation

of Planck's law in this theory is therefore almost exactly
like his."

.Attention may again be drawn to the |significarce of
Planck's constant, A, which may be regarded as a quantum
of action. The view, first suggested by Nicholson, that

h represents an angular momentum is simpler and easier

to realise. McLaren identified the natural unit of angular
momentum with the angular momentum of the magneton,
and it has been pointed out several times that this implies
proportionality to the magnetic moment of the magneton.
Thus the ting electron serves to give an intelligible

meaning for this " universal " constant, and at the same
time suggests the possibility of a relation between h and e.

Suoh a relation has in fact been put forward by Lewis and
Adams in the form

—

I5C = /i' = S)r'(4«)',

an equation based on a certain assumption as to the form
of the constant in Stefan's law of radiation.

9. Series of Lines in Spectra.—The theory of line

spectra proposed by Bohr has met with a considerable
amount of success in connection with the hydrogen
spectrum, and the developments made by Sommerfeld and
others have afforded an explanation of the fine structure
of the hydrogen lines. It may prove possible to restate

Bcht's theory, and, whilst retaining its essential features,

I39_

modify it so as to apply it to the cose of the ring electron.
Thus it might be suggested that the " stationary state " of
the electron in its orbit corresponds to a particular value
of the radius of the annular electron, the change from one
stationary state to another corresponding to a definite
change in the radius. It would, of course, be neces-
sary to introduce some hypothesis to fix the size of
the ting, just as it is necessary to postulate the
stationary state in Bohr's theory. In the last named
theory no, detailed assumptions are made as to the
mechanism of transition between two stationary states
or as to the mode of emission of radiation. In the case of
the ring electron radiation might arise (rom pulsations of
the ring in its passage from one stationary condition to
another. In this connection it is interesting to recall the
views of Sutherland with regard to the origin of lines in
spectral series {Phil. .\Jag., 1901, ii., 245). He came to
the conclusion that the series might arise irom kinematical
considerations, and explained them by considering the
nodal sub-divisions of a circle.

It may be well again to draw attention to the fact that,
as shown by Nicholson, copUnar rings of electrons are not
possible when electrostatic forces alone are taKen into
consideration. Provided Ihe electrons a^e in one plane
they must form a single ring. The assumption of rings
of electrons is no longer required if both electron and core
are endowed with magnetic properties, as the electrons
may then be supposed to take up positions of statical
equilibrium with reference to the core—a condition of
affairs which is in harmony with the facts of chemical
combination and crystalline formation.

(To be continued).

HANDY FACTORS.
By ELTON A. N.\SH.

Making use of the following lactors will be found to be
quicker than looking up tables, or perhaps of even taking
the bother to weigh oft factor weights of the substances
being tested. Perhaps the results will not be accurate to
the third place, but are accurate enough for ordinary
works practice.

To convert BaS04 '0 S, multiply by n, divide by 80.
To convert ammonium phosphomolybdate to P,

To

multiply by 33
(fag,o,-'J

divide by 2000.

P^O,convert ammonium phosphomolybdate to
multiply by 3, divide by 80.

Example t.-S in coke, pyrites, burnt ores, &<:.

Weight of substance
taken i grm. 0-5 grm. o 25 grnis.

(say coke) (say pyrites) (say burnt ore)
Weight of BaS04 '

found 0-0824

824
I 696

1696
0-78

Result..
4)18656
4664

per cent

8)09064
i'i33

per cent

E.vampli 2.—P in steel, basic iron, &c
Weiifht taken 2 gtms.

(say steel)

Weightof yellow precipitate 0-096

96

2)8 602

4 301
per cent

05 grm.
(say basic iron)

0-564

5O4

1056

4)3168
I^esult.. .. 0-0792 per cent

Exwiple 3.—P2O5 in basic slag, &c.
Weight taken 0-25

(say basic slag)
Weight of yell jw precipitate i 046

2)3138
Result 15 69 per cent

6204
18612

I S6 per cent

t grm.
(say in iron ore)

0-162

8)486
0-61 per cent.
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VOLUMETRIC DliTERMINATlON Ol-

REDUCING SUGARS.*
A SiMPLiricATiON 01" Scales' Method for Titrating

THE Reduced Gopher without Removing it from
THE Residual CorrER Solution.

By W. BLAIK CLARK
Biochemist, Cotton, Truck, and Forage Crop DiBcasc Investigations,

U.S. Department oi Agriculture.

O.NE who contributes to the now voluminous literature of

reducing sugar determinations must show a good excuse

for his temerity. Especially is this so in view of such

exhaustive investigations as have been conductt:d in recent

years by Benedict (i), Kendall (2), and Peters (3), to cite

these only among the many workers who have addressed

themselves to the subject in this country and abroad.

The writer would not essay to add to this list did he not

feel that the technique which he proposes is accurate and
at the same time decidedly simpler than any which has

appeared hitherto.

Methods such as Fehling's, Pavy's, and Benedict's,

wherein the test solution is added from a burette in just

sufficient amount to reduce a given weight of copper all

involve titrating a boiling liquid, and all are also likely to

necessitate a wide range in the volume of titrating liquid

required to reduce the copper, since irrespective of its

concentration there must be added a quantity of reducing

sugar corresponding to the weight of copper used. In

addition to these inconveniences the end-point is rather

difficult to ascertain with certainty in the Fehling method,
while the Pavy method involves a somewhat complicated

set-up of apparatus for either routine or occasional

analyses. The Benedict method is a decided improve-

ment over either of the other types, but still leaves some
things to be desired.

In the other group of copper reduction methods, a part

only of the copper being reduced and this fraction then

determined volumelrically or gravimelrically, the necessity

for filtration and washing of the cuprous oxide is added
to whatever other processes may be involved. It is true

that Maquenne (4), Lehmann (5), and others have pro-

posed the titration of the residual copper without removal

of the cuprous ox'de, but the method has never become
popular. Many of these variations also require such

quantities of potassium iodide as to make the expense a

serious Item when numerous analyses are to be made.
F. M. Scales (6) has published a method in which the

cuprous oxide is dissolved without removal from its mother
liquor by the addition of hydrochloric acid, and the re-

sulting cuprous chloride then treated with an excess of

standard iodine solution, the excess being determined by
titration with sodium thiosulphate. The oxidation may be

more complicated than indicated herein, but from the fact

that upon the addition of the iodine a white precipitate

Is at first formed, which then dissolves as the excess ol

iodine 6ows into the mixture, the following reactions

would seem to occur :
—

CUiO + 2HCl -> CUiCIj-t-HjO

CuaClj-t-Ij -> CKjfj I-CI2

CujClj+Clj ->2CuCl2
Cllzli + li -> 2Cuh

The cuprous chloride formed in the first reaction is soluble

in the mixed sodium tartrate or citrate and chloride solu-

tion in which the reaction occurs.

Scales used the ordinary Fehling solutions, carryine; out

the reduction in a beaker according to directions of

Munson and Walker (7), then transferring the hot mixture

to a volumetric flask containing the necessary amount of

hydrochloric acid for solution ol the cuprous oxide, making

up to volume, and withdrawing an aliquot part for treat-

ment in another flask with diluted iodine solution, this

being followed by titration of the excess iodine.

* Journal 0/ the Ametiean Chemical Society, x\ , No. 12.

When the writer first tried this method he was unable
to obtain a sati:sfactory end-point. Tne blue colour re-

turned almost instantly. It was determined when taking
the method up again later that this was due to too great
an excess of hydrochloric acid, which reacted with the
potassium iodide of the iodine solution to liberate more
iodine, a result of not having followed Scales' concentra-
tions exactly. Furthermore, making the solution up to

volume, mixing and pipetting out while still hot is

undesirable both from theoretical and practical con-
siderations.

Cammidge (S) in adapting the method to clinical use
substitutes for the Fehling solution a modified Benedict
solution, and dissolves the cuprous o.xide before removal
of the mixture from the beaker in which the reduction
takes place. While working v/ith this modification of the
method it was found that the entire process might con-
veniently be cariied out in a single vessel with practical

exclusion of the air from the time reduction of the copper
begins until after it has been reoxidised bv the iodine. As
a result the simplified procedure described in later para-
graphs has been developed.

The writer has worked out concentrations, volumes,
and conditions suitable for use up to approximately 60 mg.
of reducing sugar. Workers desiring to determine larger

quantities may modify and standardise the various factors

to suit their conditions. The experimental data here
presented shouid make plain the principles to be followed
in making modifications. It is to be noted that there is

no table to be referred to in calculating results. Each
manipulator standardises both his conditions and his solu-

tions by means of known solutions of pure dextrose,
invert sugar, starch, or whatever reducing substance he
may have occasion to handle.

A. The Solutioiii Used.

1. Alkaline Copper Solution.—As already stated a
modified Benedict solution is used. It is made up
according to the following formula :

—
Grnis.

Copper sulphate crystals .. (CUSO4.5H2O) lO o
Sodium citrate crystals .. (2Na3H50;.iiH20) 1500
Sodium carbonate anhyd.. (NajC03) 1300
Sodium hydrogen carbonate
anhyd (NaHCOj) 100

Water to make a final volume of one litre.

The copper maybe dissolved separately in 125 to 150 cc.

of water ; the remaining solid constituents in about
650 cc. water, heating to accelerate solution. When all

are in solution pour the copper solution slowly into the
other with stirring, make up nearly to volume, cool, com-
plete the volume to one litre and filter. None of the
weighings or measurements need be made with
extre-Tie accuracy.

The sodium hydrogen carbonate is added to help insure

a noti-oxidising atmosphere in the reduction flak. The
solution will carry more copper, but the amount given is

sufficient to accompany convenient volumes of thio-

sulphate and iodine solutions in standard concentrations
from tenth to fiftieth normal. This solution keeps well,
though perhaps not indefinitely, as a small amount of

sediment has been found in solutions some months old.

Besides better keeping quality this solution has the
advantages of greater sensitiveness to reducing sugars and
less sensitiveness to sucrose than those in which sodium
hydroxide is used, while the copper reduced under
standardised conditions is very nearly proportioned to the
quantity of reducing sugar present through quite a wide
range in concentration ol the latter.

2. Iodine Solution.— In the writei's work approximately
o 05 N solution has been found the most convenient con-
centration, although either or N 01 oo) N may be used.
Dissolve 6'3 grnis. resublimed iodine in 12 to 15 cc. of
potassium iodide solution containing about g grms. of the
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iodide. Afiet solution of the iodine the volame is made
up to one litre.

3. Sodium Thiosnlphale Solution.—0-04 N is a con-

venient strength to use. lO'o grms. thiosulphate crystals

per lute make a solution of approximately this concentra-

tion. When possible new solutions are made up long

enough in advance to stand two or three weeks before being

standardised, as there is then little change in strength it

evaporation is prevented (g).

Under the reducing conditions adopted by the writer

one cc. o'04 N solution is equivalent to approximately
1-2 mg. invert sugar. For still greater sensitiveness o 02 N
will give a satisfactory end-point, while o-i N may be used

if the quantities of reducing sugar to be determined

habitually exceed 50 to 60 mg.
4. i^tarch Solution. —This may be made of approxi-

mately o'5 psr cent concentration from either the com-
mercially prepared "soluble starch" or Irom ordinary

starch by the usual method of cooking. In the writer's

routine work no attempt is made to use a preservative, as

fresh solutions ate made quickly when needed — usually

twice or thrice weekly.

5. Hydrochloric Acid.—The concentrated C.P. acid of

about I'lg specific gravity is used.

B. Appiiratui Used.

No special apparatus aside from the ordinary laboratory

equipment is required- One will have occasion to use 5,

10, 20, and 25 cc. pipettes, 10 and 50 or 100 cc. graduated

cylinders, and a 25 or 50 cc. burette. For routine work

this latter should be connected with the thiosulphate

bottle for automatic filling.

The reductions are carried out in a 200 or 250 cc.

Erlenmeyer flask with wide enough mouth to take a No. 5

or 6 rubber stopper. It it well to select two or three

flasks of as nearly the same weight as possible, then deter-

mine by several trials their relative heat conducting values.

To do this pass a thermometer through one hole of a two-

or three-bole stopper of the right size and adjust it so that

the bulb just clears the bottom of the flask. Measure

300 cc. distilled water into the flask, replace the ther-

mometer and heat over a flame so adjusted as to bring

the temperature to 95° in about three minutes. After

getting the heat properly adjusted repeat several times

with each flask, noting the time to the nearest second.

If the flask do not prove to be substantially equivalent

it will be necessary to standardise the conditions

separately for each one used. Each reduction flask

is fitted with a two- or three-hole stopper, through

one hole of which passes a thistle tube or Gooch
crucible funnel, of which the tip of the stem

has been drawn down so as to allow 50 cc. of water to

flow through it from twenty-five to thirty seconds. In

doing this the stem should be left of such length that with

80 to 85 cc. of liquid in the flask and the tip of the funnel

dipping just beneath the surface, the body of the funnel

will come within one or two centimetres of the stopper.

As a source of heat either a Bunsen burnfr or an

electric hot plate may be used. The latter will be found

more convenient if the voltage remains fairly constant
;

but if this is subject to much variation the fact will be

reflected in the results.

On the electric hot plate used by the writer, with a

certain 200 cc. Jena flask containing 30-0 cc. of the

reaction mixture, and voltage of the heating current

normal, boiling begins quite uniformly at three minutes

and fifty to fifty-two seconds. Were a Bunsen burner

being used it would be adjusted to reach this result in

forty to forty-five seconds less time and a total heating

period oi five minutes instead of six would be used. In

general, whatever the source of heat, one must standardise

his conditions with sufficient definiteness to be readily

reproducible. This whole subject of heating power has

been admirably worked out by Peters (10), and need not

be discussed further here.

C. Details of Procedure.
A solution containing the reducing sugar or sugars to be

determined may be prepared in accordance with any of
the usual methods desciibed in the literature. Solutions
which have been subjected to acid hydrolysis should be
nearly neutralised with alkali hydroxide or carbonate.

In case there is reason to suppose that 10 o cc. cf the
solution as finally prepared for test contains not more
than 30 mg. reducing sugar, measure 20-0 cc. of the
copper citrate-caibonale solution and 1000 cc. of the test
solution into one o( the reduction flasks, insert thestoppei
with funnel or thistle tube prepared as previously
described, and place over the source of heat, regulated as
for comparing the flasks. Boiling should begin in three
or lour minutes and should continue for a definite time,
say two minutes, so that the total time of heating ranges
from five to six minutes. The exact period of heating is

not material, but it is quite essential that both the period
of heating and the heating power remain constant for any
series of determinations v/hich depend upon the same
standardisation of the thiosulphate solution.
While the above mixture is heating, measure out about

60 cc. distilled water and 46 to 4 8 cc. r -'nc. hydrochloric
acid. Just enough acid is required to neutralise the alkali
carbonate, dissolve the precipitated cuprous oxide, and
render the resulting solution distinctly acid to litmus.
When the reduction mixture has boiled for the proper

length of time, remove from the heat and immediately
add through the funnel a few drops of the hydrochloric
acid (I I). Cool under the tap to approximately room tem-
peiature, adding the remainder 0! the acid, a few drops at
a time to avoid loss of any appreciable quantity of it by
volatilisation with the escaping carbon dioxide. When all

of the acid has been added shake the flask sufficiently to
insure thorough admixture of the contents and complete
solution of the cuprous oxide. There should new be a
clear, light green solution, provided the test solution was
not highly coloured. Next, add (also through the funnel)
about half of the So cc. water previously measured. If

the funnel is properly adjusted this should result in cover-
ing its lip to a depth ot from i to 3 mm. Next add an
accurately measured quantity of iodine solution equivalent
to i-ooco. approximately normal solution (t2).

In adding this let the tip of the pipette rest in the neck
of the funnel, then pout a few cc. of the remaining v/ater
into the funnel to make a water seal that will prevent air

being drawn into the flask with the iodine solution. When
the iodine has drained from the pipette remove the latter

and rinse down the funnel with the balance of the water.
If there is much cuprous chloride present in the solution,
the first portions of the iodine will produce a white preci-
pitate of cuprous iodide, v/uich later is oxidised to cupric
salt by the excess of iodine and dissolves. Should any
of this precipitate remain undissolved it indicates an in-

sufficiency of iodine and more must be added, in measured
amount. Mixture of the contents should be accomplished
by a gentle rotary motion of the flask rather than by
violent agitation. According to the excess of iodine
present the colour of the solution will now range from a
light emerald-green to a dark brown, the former indicating
a very small excess of iodine.

The funnel and stopper may next be removed and the
solution immediately titrated with 004 N sodium thio-
sulphate (13) to determine the excess of iodine.

Starch solution as indicator need not be added until the
solution has acquired a light emerald-green tint, a
measured quantity of 2 or 25 CO. being then used. As
the end-point is approached the deep blue of the starch-

iodine complex beco.Ties less and less dense until there is

a sudden cbang:; from blue to green. Even with o'02 N
thiosulphate a single drop is suffii:ient to show this change
and there should be no difficulty in recognising it, except
possibly by those who do not readily distinguish between
blues and greens. The difference between the cc. of thio-

sulphate used and the volume required by a blank test in

which water instead of the substance under examination
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is used wiib the copper solution, gives the thiosulpbate

equivalent to the iodine consumed in oxidising tbe copper

reduced by the sugar.

Tbe thiosulpbate solution may be siandaidised by

carrying out an exactly similar test in which a knawn
quantity of invert sugar (20 to 30 mg.) or dextrose is used,

b'rom tbe data of ibis test one can calculate tbe inilligrins.

of invert sugar or dextrose equivalent to 100 cc. thio

sulphate solution, and use this factor in calculating the

results with unknown solutions. Toe value of the factor

varies somewhat for very small amounts ol reducing sugar,

hence it is advisable to carry out standardisations with

approximately the same quantities of reducing sugar as

are found in tbe samples to be analysed (see Table II.

pro.v.).

This standardisation must be made each time a new Ijt

of thiosulpbate or iodine solution is introduced and also,

in routine work, at weekly intervals.

If one prefers to use larger quantities of material the

reduction may be carried out in 300 or 500 cc. flasks, using

40 cc. to 75 cc. copper citrate-carbonate solution and

corresponding volumes of the test solutions and iodine.

Where the quantities of reducing sugar habitually exceed

45 to 50 mg., 01 N thiosulpbate solution may be used

without sacrifice in the relative error. On the other hand,

if one has material in which the reducing sugar in a con-

venient aliquot seldom exceeds 15 mg., it will be advis-

able to use 002 N thiosulpbate with correspondingly less

iodine for oxidation uf the reduced copper. That which

is to be kept in mind when dealing with any of these

variations is that within the general limitations outlined

each individual may re-standardise bis conditions to suit

the kind and quantity of material under investigation.

When engaged on routine work one operator, uoing a

single reduction flask, can complete about tour tests per

hour ; using two flasks be should be able to make six or

seven testi per hour. In this case the contents of one

flask will be undergoing reoxidatiou and titration while

the other is being reduced. This estimate does not

include tbe time spent in preparing the sugar solutions.
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(To be continued).

ORDERS OF THE MINISTRY OF MUNITIONS.

Ammonia and Ammoniacal Prodijcts.

With reference to the Ammonia Control Order, 1918,
d^tcd May 17, 191S, the Minister of Munitions hereby
orders as follows :

—
1. The operation of the said Order is hereby suspended

on and alter March 14, 1919, until further notice.

2. Such suspension shall not alJcct the previous opera-

tion of the said Cider or the validity of any action taken

tbereunder, or the liability to any penally or punishment
111 respect of any contravention or failure to comply with

the said Order prior to such suspension, or any proceeding

or remedy in respect of such penalty or punishment.

3. This Order may be cited as tbe Ammonia and
Ammoniacal Pioducts (Suspension) Order, 1919.

Potassium Compovnds— Kelp.

In reference to the Potassium Compounds Order, dated

October 17, 1917, the Minister of Munitions hereby orders

as follows ;
—

1. The operation of the said Order is hereby suspended
on and after tbe date hereol (March 14, 1919) until further

notice in so far as relates to Kelp.

2. Such suspension shall not affect the previous opera-

tion of the said Order or the validity of any action taken

thereunder or the liability to any penalty or punishment in

respect of any contravention or failure to comply with the

said Order prior to such suspension or any proceeding or

remedy in respect ol such penalty or punishment.

3. This Order may be cited as tbe Potastium Compounds
(Partial Suspension) Order, 1919.

Bismuth Ores, Bismuth Metal and Products
Therefro.m.

In reference to the Bismuth Order, 191S, dated March
12, igi8, and the Bismuth (Amendment) Order, 1919,

dated January 10, 1919, the Minister of Munitions hereby
orders as follows ;

—
1. Tbe operation of the said Orders is hereby suspended

on and after the date hereof (March 14, 1919) until further

notice.

2. Such suspension shall not aflect the previous opera-

tion ol the said Orders or either of them or the validity of

any action taken thereunder or the liability to any penalty

or punishment in respect of any contravention or failure

to comply with the said Orders prior to such suspension or

any proceeding or remedy in respect of such penalty or

punishment.

3. This Order may be cited as The Bismuth Control

(Suspension) Order, igiy.

National Association of Industrial Chemists.—

A

meeting will oc held on Monday, March 31, at S p.m., at

Burlington H.iuse, Piccadilly (by permission of the Chemi-

cal Society), when S. R. Todd, Esq. (Ministry ol Labour)

will speak on " Government Reconstruction Committees

and Industrial Chen ists."



Chemical News,
March 21, 1919

The Late Pro/. Edward Charles Pickering. 143

PKOCtEDINGS OF SOCIETIES.

CHEMICAL SOCIETY.
Ordinary Meeting, February 6, 1919.

Dr. Alexander Scott, M.A., F.R S., Vice-President,

in the Cbaic.

It waa announced that the Society had lost, through

death, the following Fellows;—Norman Scott Rudolf,

John Young.
Certificates of candidates were read for the first time in

favour of Lionel Conrad Andrews, B Sc, Creasingham

House, Carshalton, Surrey; Nicholas Lionel Anfilogoff,

Laihol House, Thames Haven, Essex; Edward Bloom,

B.Sc, 61, Berwick Street, W. i ;
William Brash, B.Sc,

5^, .\ynhoe Road. West Kensington, W. 14 ; Isaac Cohen,

50, Redmans Road, E. i ; Swondranath Dhar, 21, Cromwell

Road, S. Kensington, S.W. 5 ; Ralph Eddowes Gatrod,

M.A., 5, College Gardens, Dulwich Village, S.E.21;

Edgar Thomas Griffiths, 100, Commercial Street, Tre-

degar, Mon. ;
Thomas Owen Griffiths, B Sc, Hazelwood,

Erskine Road, Colwyn Bay; Thomas Haigh, B.A., 15,

Cavendish Avenue, Church End, Fmchley, N. 3 ; Frederick

Denison Maurice Hocking, iS, Woodside Park Road, N.

Finchley, N. 12 ; George Hugh Hodgson, 41, Roach

Road, Sheffield; Armand Houssa, B Sc, 11, Tremadoc
Road, Clapbam S.W. 4; Henry Lawrence Long, B.Sc,

ig, Seward Road, Hanwell, W. 7 ;
William McHulchison,

B.Sc, 108, City Road, Edgbaston, Birmingham ; William

Angus Mclntyre, B.Sc, 18, Leinster Avenue, East

Sheen, S.W, 14 ; John Alexander McNaughton, Birk-

wood, Redhill, Castleford ; Samuel Mellins, 50, Great

Gaiden Street, E. i ; Francis William Moorhouse, 57,

Frodingham Road, Scunthorpe ; Kishoti Lai Moudgill,

B.Sc, Christ's College, Cambridge ; Hari Das Sen,

M.Sc, Nawabganj, Cawnpore, India ; Edmund Joseph

Sterne, Felsham, Bury St. Edmunds ; Donald Willoughby

Capon West, Slinfold, Horsham, Susstx ; Alfred Sydney

Vince, 30, Ravensbourne Road, Catford, S.E.6.

The following papers were read :
—

" The Preparation of Monomethylamine from Chloro

picrin." By P. F. Fkanklanu, F. Challenger, and

N. A. NiCHOLLS.
"The Preparation of Monomethylaniline. By P. F.

Frankland, F. Challenoek, and N. A. Nicholls.

Ordinary Meeting, February 20, igig.

Sir W. J. Poi'E, K.B.E., F.R.S., President,

in the Chair.

It was stated that the Society had lost, by death, the

following Fellows :— Herbert Stoddard Coleman, George

Carey Foster, Edward Lewis James, John Falconer

King, George Martineau.

Certificates were read for the first time in favour of

Robert Parmenter Burwell, B.Sc, 92, Southtown Road,

Great Yarmouth ; Charles Hall, Wcodbridge School,

Woodbridge ; Vernon Percy Hart, 42, Park Grove, Port-

way, West Ham, E. 15 ; Sidney John Hopkins, London
House, Hambledon, Hants ; Fred Hughes, 39, Lord

Street, Runcorn ; Lazarus Mendel, 25, Broadway, West
Ealing, W. 13 ; Rames Chandra Ray, M.Sc, Moradpur

P.O., Bankipore, India; Nathan Singer, 147, Upper

Clapton Road, E. 5 ; vVilliam Arthur Walmsley, B.Sc,

17, Elmfield Road, Davenport, Stockport.

A certificate for eltction has been authorised by the

Council for presentation to ballot under By-la'w I. (3) in

favour of Prof. Clarence Thomas Hamill, 606, Walnut
Avenue, Syracuse, N.Y., U.S..^.

The President announced that the following changes

in the Officers and Council were proposed by the Council :

As Vice-Presidents to Retire— Prof. G. G. Henderson

and Prof. A. Lapworlh.

As Ordinary Members of Council to Retire— Mr. A.
Chaston Chapman, Mr. D. L. Chapman, S:r Herbert
Jackson, and Dr. F. L. Pyrnan.

As President— Sir James J. Dobbie.
As Vice-Presidents who have filled the Office of President

— Prof. H. E. Armstrong, Prof. A. Crum Brown, Sir

William Crookes, Sir James Dewar, Prof. Harold B.
Dxon, Prof. Percy F. Frankland, Dr. A. G. Vernon
Harcourt, Prof. W. Oiling, Prof. \V. H. Perkin, Sir

William J. Pope, Prof. J. Emerson Reynolds, Dr.
Alexander Scott, Sir Edward Thorpe, and Sir William A.
Tilden.

As Treasurer— Dr. M. O, Forster.

As Secretaries— Jji. Samuel Smiles and Prof. J. C.
Philip.

As Foreign Secretary—Lieut. -Col. Arthur Crossley.

As Vice Presidents— Prof. F. G. Djnnan, Dr. H. J. H.
Fenton, Lieut. Col. A. Smithells, Prof. James Walker,
Prof. W. P. Wynne, and Prof. Sydney Young.
As Nei0 Ordinary Members of Council— Pco{. F. E.

Francis, Mr. J. A. Gaidner, Dr. C. A. Keane, and Sir

Robert Robertson.

Mr. C. F. Cross, Mr. A. R. Ling, and Dr. G. Senter
were elected Auditors to audit the Society's Accounts.

Dr. A. Bramley and Mr. P Edger' ~n were elected
Scrutators, and a ballot for the election of Fellows v/as

held. The following were subsequently declared elected

as Fellows: — Pierre Beghin ; Walter Richard Berry, B.Sc.

;

Reginald Christopher Bickmore ; Harry Blackman ; Philip

Blackman ; Harold Samuel Bolton ; Stanley Edward
Bowrey, B.Sc. ; Solomon Nathan Brown

; John Joseph
Bryant ;

Alan Chamley Burns, B.ScTech. ; George
Butterworth ; Harold Frank Cabell, B.Sc ; William
Harold Squier Cheavin

; John Aithur Cli;menis ; Edward
Charles Cull, B.Sc ; Vishwanalh Ganesh Dani, B.A.

;

Thomas Robert Dixon
; John Campbell Earl ; Percy

Edwin Evans, M.A. ; Alfred Farmbrough
; James Darnell

Granger, Ph.D. ; Algie Hancock ; Walter Arthur Nelson
Hardwick ; Benjamin Richard Heasman, B.Sc ; ©eorge
Samuf 1 Heaven, B.Sc ; James Rintoul Higham ; Geoffrey
Isherwood Higson, M.Sc ; Frederick William Hodkin,
B.Sc; Hariyjephcott, M.St:.; Andre lob; Richard Edward
Johnston : Edward Likiernik, B.Sc. ; Francis Fredk.
Mooney ; Sydney Walter Morris

; Charles Moureu ; William
Adrian Thomas Nash; Parnell Stanley O'Dowd; John
Parrish, B.ScTech. ; Francis Falconer Peet, B.Sc. ; Ernest
Ed. Pendlebury ; Frank Radcliffe,M.B., B.S.; Josslyn Vere
Ramsden ;

Albert Riley, B.Sc ; Thomas John Samuel
;

Frank Comer Savage ; Ernest Shepherd, B.Sc. ; .Arthur

John Griffiths Smout ; Edward Tyghe Sterne ; Hugh
Vernon Thompson, M.A. ; Rupert Harry Truelove, B.Sc

;

Frederick Wilson Walker ; Francis Henry Sweeting
Watneford, B.Sc, B.A. ; Walti^r Henry Watson, B.Sc.

;

Leo Daft Williams; Greatrex Johnson Woods
; Charles

Thomas Woosnam, M.A.

The following paper was read :
—

" Nitre-, Arylazo-, and Amino glyoxalines." By R. G.
Fargher and F. L. Pyman.

OBITUARY

PROF. EDWARD CHARLES PICKERING.

We regret to announce that Prof. Edward Charles
Pickering, Director of the Astronomical Observatory of

Harvard College, died in Cambridge, U.S.A., on Feb. 3,
in (he seventy-third year of his age.

Prof. Pickering was born in Boston, and was educated
at the Boston Latin School, and at the Lawrence Scientific

School of Harvard, where he was afterwards appointed
Instructor in Mathematics. In 1867 he became Thayer
Professor of Physics at the Massachusetts Institute of
Technology, and ten years later be was appointed
Director of the Astronomical Observatory of Harvard
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College. Prof. Picketing made a special study of siellar

photometry, and was the inventor of the meridian photo-

meter, With which an enormous number of measurements

of the light from the stars has been made. Expeditions

were sent, at Prof. Pickering's instigation, to various

localities on the Andes to make a survey of the sky of the

Southern Hemisphere, and finally a permanent branch

of the Harvard Ooseivatory was established at Arequipa.

Under the directorship of Prof. Pickering the workers at

Harvard Ooservatory have undertaken investigations

which have led to important advances of astronomical

knowledge, including the discovery of many new stars,

of variable stats, and of binary stars whose nature is re-

vealed only by spectroscopy, and the annals and other

publications of the observatory, of which there are some

60 volumes, give an insight into the extraordinary com-

prehensiveness and thoroughness of hi- work. He was a

D.Sc. of Victoria University, a Pn.D. of Heidelberg,

and in 1907 was elected a Foreign Member of the Royal

Society ; he was the recipient of the Bruce, Draper,

Rumford, and two gold medals of the Royal Astronomical

Society.

CHEMICAL NOTICES FROM FOREIGM
SOURCES.

Comptei Rendus Hebdomadaires des Seances de VAcadimie

des Sciences. Vol. clxvii., No. 23, December 2, 1918 ;

No. 2.(, December 9, 191S.

These numbers contain no chemical matter.

N ,'. 25. December 16, igii

Distribution of Mineral Elements and Nitrogen in

Etiolated Plants.—G. Andre.— Haricot beans were

grown in the dark, and the young plants were analysed as

seeds as similar as passible to those which were allowed to

germinate. When the distribution of mineral elements

Ind nitrogen in the cotyledons, stems, &c., was studied, it

was found that lime mostly remains in the cotyledons,

while magnesia shows a greater tendency to pass into the

young plant. Potassium shows the greatest power of

migrating from the cotyledons, but the most remarkable

relation which was established was the fact that three

quartets of the nitrogen and phosphoric acid present in

the seed were transferred from the cotyledons to the

young plant in twenty-five days' growth in the dark.

Sulphur behaved in the same way as phosphorus.

MISCELLANEOUS

Purification of Gallium by Electrolysis and the

Compressibility and Density of Gallium.-Theodore

W. Richards and Sylvester Boyer.—Gallium occupies a

place in the electrolytic series between indium and zinc,

being far less easy 'O deposit than indium and much more

easy than zinc. By carefully regulating the hydrogen

ion concentration and current density gallium can be com-

pletely separated from indium electrolytically, and by this

means a product having a higher melting-point than any

previously known sample was obtained. The com

pressibilitv of gallium in both the solid and liquid slates

was determined. Gallium possesses the remarkable and

rare property of occupying more volume in the solid than

in the liquid condition. The compressibility of solid

gallium places the element on the curve joining the other

compressibilities in the graph representing the periodic

relation of this property to atimic weight. Liquid gallium

has almost exactly the same compressibility as mercury,

and its value is nearly twice as that of solid gallium,

although its volume is less. This confirms the universal

experience that solids have compressibilities distinctly less

than the same substances as liquids, entirely irrespective

of the volumes which they occupy. The most marked
case of this kind so far observed is that of ice. It has

been suggested that the expansion of gallium on freezing

may be attributed to the presence of impurities, but the

authors' t.\periments indicate that this is not the case.

—

yuHinal Am. Chem. Soc, 1919, xli., 2, p. 133.

Radio-activity and the Coloration of Minerals.—
Edgar Newbery, D.Sc, and Hartley Lupton, B.Sc.

—

The varied and brilliant coloration of many tninerals has

attracted the attention of many observers, but no generally

accepted explanation has yet been put forward. The
authors have undertaken an investigation of the part possibly

played by radio active substances in causing the exotic

colours of certain minerals. The substances chosen for

experiment were mostly clear crystals such as diamond,
fluorspar, cryolite, quartz, selenite, anhydrite, apatite,

tourmaline, calcite, &c., and the properties studied were

colour changes on heating, and on treatment with radium

or cathode rays, and luminescence in the same conditions.

There appearsto be little doubt that the colours and thermo-

luminescent properties of many minerals are due to the

presence of radio active matter, either in the water from

which they have been deposited or by the action of radio-

active minerals in their immediate vicinity. It appears

possible that fluorescence is produced by a- radiation as in

the case of zircons, while dilTcrent colours may be pro-

duced by i3 and y radiation, and all three effects may be

observed in one and the same crystal. In nearly all cases

the colours produced are due to the disssociation of

minute traces of certain impuiities. The products of dis-

sociation are removed to a very short distance from each

other, and the size or density of these particles will

determine the particular colours of light abstrbed or

transmitted. When the molecular structurt; of the crystal

is disturbed by heat, &c., the dissociated panicles

approach and recombine with consequent loss of colour.

The emission of light on heating the radiated crystals is

probably due to intense vibrations set up by the disso-

ciated atoms coming together again. The impurities

which give rise to this luminescence are frequently quite

independent of those which produce the colour efTecls,

since quite colourless crystals sometimes give brilliant

thermo luminescent effects, and deeply coloured crystals

may give little or no visible luminescence during discharge

of their colour. It appears to be fairly well eslablished

that phosphorescence cannot be produced in a perfectly

pure substance, and the authors are of the opinion that

thermo luminescence, cathode ray colours, exotic colours

in minerals, &c., are due to the dissociation of traces of

impurity in the bodies concerned and not to the decom-

position of the body itself. The marked differences in

the action of i3 and 7 rays in producing different colours,

thermo luminescence, &c., in certain minerals seem to

indicate some essential difference in the nature of these

rays other than mere wave-length.— MemC'irs and Pro-

ceedings of the Manchester Litemry and Philosophical

Society, Ixii., Part HI.

MEETINGS FOR THE WEEK.

Monday, 24th.—Royal Societyof Arts, 4 30. (Cantor Lectures). "Coal
and its Conservation," by Prof. W. A. Bone.

Tuesday, tjth.—Royal Institution, 3. " British Ethnology—The
People of Scotland," by Prof. A. Kt;ith.

Wednesday, 26th.—Royal Society of Aits, 4.30. "British Eogin-
eerinR and Hydn* electric De\elopment—the
Training of Engineers," by A Hartley Gibson.

Thlrsuay, 37th.—Royal Institution, ^. " Fire Cracks and the Forces
producing them," by Prof. C. H. Lees.

Royal Society, 4 30. " Cienesis of CEdema in Beri-

beri," by R >-icCarrison. "Morphology and
Evolution of the Ambulacrum in the Echiioidea,"
by H L Hawkins.

Friday, 28th.—Roval Institution, 5.30 "The Air Road," by Right
Hon Sir J H A. Macdonald.

Saturday, 29ih.—Ro\al Institution, 3 " Spectrum Analysis and its

Application to Atomic Structure," by Prof. Sir J. J.

Thomson, O.M.
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ATOiMIC STRUCTURE AND CHEMICAL
AFFINITY.

By F. H. LORING.

One of the most fascinating pioblems in ibe vvboli: domain
of science is that ot chemical aflimiy, which is at once ol

intense theoretical interest and of great practical impor
tance. The problem must of necessity be approached by
methods ot analysis which are to some extent speculative,

as the experimental evidence in this case in not such as to

permit of extended developments without drawing tenta-
tive conclusions from closely related phcnome^na.

It IS surprising, however, bow much insight into the
problem of chemical affi iiy can be obtained by a careful
piecing together of known facts. Facts, which upon fir^t

consideration appear to bj only remotely related to the
subject in question, fit more connectedly into fie scheme
of matter as the examination is pressed in the direction
leading to the electrical theory of the atom. The loilowmg
notes are intended to bring the subject faitly up to d^te
from the atomic point of view.

1. If the present theory of the electronic structure of the
atom be accepted, in which case the electro positive

nucleus is the scat of the piincipal mass, this mass holding
by mutual attraction elections in crbital motion round it;

geometric centre, then a clue is a0jided as to the system
which enables atoms to umte in chemical bondage. The
nucleus itsell may represent a condensation of nuclei

in proportion to its mass. The extent to which this theory
has been developed will be seen tiom what follows.

2. It is obvious that the three states of matter, solid,

liquid, and gaseous, profoundly modily the cohesiveness
of substances, even to the extent of influencing the under-
lying chemical combinations (t sent, so that few pro-

perties can be considered as caitses tiiito themselves, so to

speak. The piopenies of the atom should be considered
from the point uf view of their relation to other atoms,
involving valency, affinity, cohesion, &:. Moreover, the
atom should be considered from the otner point of view,
that of its component parts, as revealed by radio-activity

and various phenomena brought to ligbt by experimental
research in the domain of molecular physics.

3. Radio-activity is an absolutely sel!-C3ntained and
self centred phenomenon, since no influence which has
been brought to bear on the process of atomic disintegra

tion in any way modifies the activity. Similarly, in all

chemical reactions the piincipal mass of the atom is un-
changeable. Tnese phenomena have their origin in, or

belong to, tbe inner pait of the atom ; whereas, valency
and other variable properties, including affinity and
cohesion, are regarded as belonging to tbe outer part ot

the atomic system, and consequently suffer change when
tbe environment alters. It is true that the radio-atoms
change in valency when disintegration takes place, which
action would seem to imply that valency is a property of

the inner part of tbe atom. It is probable that some re

arrangement of the outer electrons is brought about by the

breaking up ot that part of the atom which is stable up to

the time of occurrence of the phenomenon.
4. L ird Kelvin attempted to explain cohesion by sup-

posing that a substance was concentrated into element
volumes quite small in comparison with their whole
volume. The density at such centres was supposed,
therefore, to be sufficient to make the inverse-square law
of gravitational attraction applicable. Calculations based
upon recent information, however, do not seem t3 confirm
this view, for tbe distance between atoms in a steel bar

would have to be of the order of 10—2 cm. (Bee H>

Chatley, Phys. Soc. Proc, August, 1915) if gravitational
attraction as expressed by the inverse square law was
alone the cause 01 the cohesion.

5. Nagaoka {Nature, 1904, ixix,, p. 392) investigated
mathematically a Saturnian type ot atom, wnich would be
stable if the centralised attractive force be large and the
electrons be in rapid orbital motion. The ^pinus atom
of Kelvin, consisting of electrons combined with a single
positive particle of equivalent electrical charge and the
electrons moving in circular orbits, would, according to
Ha^,Aaki(Math. and Phys. iioc. 7"oi»o, 1905, li., 20, p 3161,
give rise to an attiiiction ot bondage between such at^ms
when the electrons of one orbital system come under tne
proper influence ot another such system ; that is to say,
mere is an attraction between eacn positive particle and
the negative electrons common to both atoms. Since
many molecules are diatomic the action ol two atoms,
instead of three or more, may be taken as characteristic.

6. In addition, there would be repulsions (i) between
the sets of revolving electrons and (2) between the central
chaiges which are of like sign. I'hese actions would
cause attractions (see 5) and repulsions that Nagaoka
estimated would vary inversely as the fourth power of the
distance between the atoms. When the atoms unite to
form molecules the attraction will be j jinly proportional
to the respective masses, or proportional to tnc amount of

positive or negative charges involved. The question of
the stability of such an atom has been in dispute, and to
.vercome this difficulty a sufficiently strong central charge
nas been postulated.

7 S r J. J. Thomson [Phil Mag., March, 1914, vii.,

p. 237^ developed in detail a type ot atom in wnicn the
electrons weie in orbital motion in a sphere of uniturm
positive electrification, the electrons being considered tor

convenience of calculation to be arranged in concentric
rings. The stability of the system would be upset when
the electrons fall below a critical speed, resulting in an
atomic convulsion and a rearrangement of the electrons,

some of whi.h would be expelled from the system, thus,
in a measure accounting for the disintegration of certain

radio-elements. Under normal conditions such a system
would have the merit of stability.

8. It was shown that the electrons might revolve in

stable rings, concentrically disposed, and by determining
a series ol stable combinations involving different numbers
of electrons, Sir J. J. Thomson was able to present a
scheme which simulated the periodic table of the elements
in that succeesive evaluations of recurring types of atoms
were shown in terms of such rings. Different arrange-
ments of electrons were supposed to g've rise to vaiyin

degrees of stability, but cases were shown, for example, in

which a ring may acquire one or two extra electrons and
yet remain stable, whilst other rings may part with
an electron without losiTg their stability, the former repre-

senting the electronegative atom and the latter the electro-

positive atom.

g. The possibility of electro magnetic radiations being
emitted by electrons in rapid orbital motion bad to be con-
sidered, since any appreciable loss of energy would result

in tbe slowing down of tbe electrons, and, in consequence,
the disturbance would give rise to tbe ejection of electrons

from the atom as in radio cative phenomena.
10. Sir J. J. Thomson showed, however, that the

radiant energy from a ring of electrons in rapid orbital

movement diminishes rapidly with the number of electrons

in the ring. For example, increasing the number of

electrons from i to 10 decreases the radation tOjio~9 tbe

original value, if tbe particles are moving in both cases
with i/io the velocity of light. By decreasing the velocity

to i/ioo that of light, tbe radiation still further diminishes,

so that It becomes io~i6 ol a single electron moving with

the same velocity. Woilst this action might apply to tbe

disintegration of the radio-atom, it does not explain the

absence of radio-activity amongst those elements supposed
to have only a few electrons unless a relatively low angular

velocity be assumed.
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11. Laicr, Sir J. J Thomson ( hil. Mag., 1906, xi.,

p. 769) contluucu Horn beveial lines ot aigument tbat tne

nuuiDct 01 elections in the atom was about ibree times its

at'iiiic mass (atomic weight). Smce the mass of the

election is about 1/1700 that ol the hydrogen atom, a laige

part ot the atuinic iitas!- must be cuiuposed of something

diflcrcni fiom the electrons. Matter may be wholly "elec-

tric "
it the coumcr(iart to negative ele;:tricity (f lecirons) 19

matter itself, but conferring on matter the ttectric title

does not in this case mean that it is endowed with the

cbaracicrisiics belonging to the electron. The duality may
comprise maiter pure and simple on the one hand and

negalve tl ctrons on the other (see 19).

12. Dr. N. 13 ihi'.i theoretical wiik on the Rutherford

atom (tdus designated owing to Rutherford's classical

researches in radio physics and ti\, view? of the atom—see

29) are of paiticuiar interest (see Utesi paper, Phil. Ma:;.,

1915. XXX., p. 394). Dr. Bohr took a very advanced step

in abandoning ..rdinary mechanics or elcctrodynamii,s

when studying the atom as a radiatjr of energy which is

S)Stcmatically revealed by the spectroscope, and he Dascd

hrs mathematical ircainient ol the atomic system on

Planck's famous quantum theory, the outcome being a

system which poss<sses a number of states when no

emission of radiant energy takes place, even it there be

relative movement amongst the particles, and these stales

themselves do not lead to any conflict with mechanical

principles or electro-dynamical theory ; but, on the other

hand, according to the ihcoiy, there are active states when
radiiiion of energy takes place, the qu.intum idea being

applicable. The energy radiation is therefore supposed

to take place in jum.'S or quanta between non-radiant

states, the emitted radiation at each stage being homo-
geneous, and the Irequency (v) muUiplied Dy Planck'scon-

Stant (A) gives the energy (\). Thus, Ati = Ai - Aj,

where Ai and Kz ate the re>pcctivc energies ol the system

in two non-ra lant states. The various states of a system

comprising an electron rotating round a posnive nucleus is

determined by the relation ; Mean value of the kinetic

energy 0) the system = h nhn', where Ki is the Irequency ol

rotation of the electron round the nucleus and n a whole

number. These relations have led (i) to an interpretation

of the Balmer formula for the spectrum of hydronen, and

(2) to a dett-rininaiion ol the Rydbeig constant.

13. A. van den Broek (see Nature, 1913, xcil., p. 372
and p. 476 ; alsj Soddy, the same, p. 399 and p. 452 ; also

Rutherford, the same, p. 423) suggested that the positive

charge instead ol being a definite traction of the total

atomic mass (see 11) might coincide with a number corre-

sponding With the place of the element in the Mendeleef

periodic table when the elements are numbered consecu-

tively, beginning with hydrogen No. I, helium No. 2, and

so on up to uranium now known to be No.92. Interpreted

in a pMysical sense this may mean that the atoms ar:

built up with positive charges and corresponding electrons

in a regular manner.

14. The late Dt. H. G. J. Moseley {Phil. Mag., 1913,

p. 1024. and tgi4, p. 703) directed a pencil ot kathode

rays (electrons) against elementary substances arranged

in each experiment as an anti-kathode in a vacuum tube,

using a crystal of potassium ferrocyanide as an analyser,

the elements being studied in the order of their atomic

masses. Moselcy found, upon the analysis of the X-rays

excited bv this bombardment and recorded photographically,

that two strong lines, designated a and S, were of wave-
lengths inversely proportional to A{N— 6)2 , where N is

the atomic number and A and b are constants. A simile
numerical relation was thus shown, apparently establishing

the significance of the atomic numbers (see 13).

15. The periodic table of the elements is anomalous in

respect of argon potassium, cobalt-nickel, and icllurium-

iidine, these elements being in the wrong order to be in

chemical harmony with their homologucs ; i.e , when the

foregoing elements are arranged in the order of their

respective atomic masses. The atomic numbers, however,

give these elements their correct chemical positions, so

that the discovery of Moseley supports the idea that the
electrical characteristic of the atom transcends the mass
value (atomic weight) in respect of fundamental im
portance, ot that the properties of the elements ate due to

electrical combii'ations rather than mechanical ones.
Moreover, the X ray analysis predicts elements for the
gaps in the periodic table between molybdenum and
lutheniuin, neodymium and samarium, tungsten and
osmium ; and when the principle is extended to the radio-

actue products those of chemical identity and inseparable
by chemical means, though differing in atomic mass, have
the same atomic number, the last-named type of elements
being called isotofes (see 23).

i5. Returning to the relation discovered by Moseley,
there are two principal series of lines, K and L, resulting
Irom the bombardment of the elements, there being two
strong lines as indicated above (14). In the case ol those
elements ol lower atomic mass, they exhibit a number of

faint lines in addition. In the L series, which has been
examined for the elements from zirconium upwards, there
are Usually five well-marked lines, namely, a, ti, y, J, and
f which decrease in intensity and wave-length Irom a to f.

Other faint lines are also present.

17. Prof. O. W. Richardson ("Electron Theory of
Matter," 1914, p. 511) refers to Moseley's relation in the
following terms :

" The frequencies of v of each sub-
Series ate determined by the equation

—

v^AiN-b)-:,

where A and b are constants characteristic of each sub-
series. For the lines denoted by a in the K series—

^ =
I
_L - - ~

I To and i = i,

and for the lines denoted by a in the L series

—

In the above Vo is the fundamental Rydberg frequency in
the formula for the optical spectra of the elements. For
the K series the agreement is quite exact, but in the L
series there is a slight deviation from linearity with the
elements of very high atomic weight" (see 12).

18. The chemical properties of the elements are thus
determined by the atomic numbers when ihey ate sub-
stituted for the atomic masses ; or, to state this rule
another way and comment thereon, the atomic masses of
the elements are not quite regular enough in some cases
to enable all the elements to be accurately placed in the
periodic table, but by employing atomic numbers thr per iodic
law is accurately fulfilled subject to two reservations:
in respect of (i) the rare-earth elements and (2) those of
Group VIII. in the table. The rare-earth elements do not
exhibit the same characteristic change in chemical pro-
perties [e.g., valency), as is the case with regard to other
elements ol higher and lower atomic mass in passing
from member to member across the table

;
yet the atomic

numbers seem to assign these elements to successive
places in the table. Similarly, the elements of Group
VIII., though bearing consecutive atomic numbers, are
closely allied in chemical and physical properties. These
difficulties from a classification point of view may be re-
moved by grouping such elements in branch systems.
The radio-elements also may be regarded collectively as a
branch or extended system, though, from the group ot M
valency point of view, there is a characteristic change in \
passing from member to member as in the normal part of
the table.

ig. The famous Prout hypothesis (1815-16), that all the
elements are made up of hydrogen taken as a primal unit,
hydrogen thus becoming a sub-atom, has grown in favour
lately. The prevalence of electrons in, or associated -vitb,
all atoms and their definitely observed occurrence as
fjectamenta along with helium atoms in the spontaneous
(jieaking down of certain very maseive atoms (radio-atoms)
jituated at the extreme end of the periodic table, points
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to the principle of two common constituents for all atoms.
It is only a step to consider the positive counterpart to the
negative electron as the stuff out of which the mass of the
hydrogen unit is made ; but with this difference as a
further consideration, that the positiveness is probably a
fundamental attribute of matter distinct from electronic
activity. The following statement by Prof. Sjddy in

Engineering, of May 25, 1917, being taken from a report
of his discourse to the Royal Institution, is of interest in

this connection :

—

" The confusion between the earlier and present views
concerning the relations between matter and electricity,"
Prof. Soddy continued, "was a further obstacle to the
student. We knew negative electricity apart from matter
as tlie electron

; we knew positive electricity, apart
from the electron, the hydrogen atom or the o particle
(helium atom), and that was matter in the electrically
uncombined condition. Whether we spoke of positive
and negative electricity, or matter and electricity, the
dualism remained. On the other hand, the theory of
electro-magnetic inerjia was true monism ; it tried to
explain two things, the inertia of the electron and the
inertia of matter, by the same cause. There was nj
reason to assume that matter minus its electron was
made of the same stuff as the electron itself."

20. The following taken from an article of mine
(Chemical News, Oct. 11, 191S, cxvii., p. 319) deals with
the problem ot valency and cohesion from an elementary
point of view :

—
Radio active phenomena indicate that possibly helium

is a common constituent of all atoms except hydrogen,
in which case its combination must be of a superior order
to anything coming within the range cf controllable
phenomena known as chemical action, but like the
molecule in crystals (see below) the definite individuality
of such a fundamental helium atom or unit taken as a

sub-atom may be lost, or merged into a larger whole.
In this case a deep seated type of valency may exist

accompanied with an affinity far superior to anything
exhibited in chemical phenomena, just as ordinary
valency is in a sense more fundamental and definite
than that which is connected with the formation of

molecular complexes. The gradation is fairly complete
as the last mentioned phenomenon shade off into

cohesion. It will be seen that this line of reasoning
leads to four physico-chemical steps, namely ;

—
1. Helium atoms as sub-atomic units, involving a

superior type of valency and affinity. A further
subdivision into similar hydrogen units has been
foreshadowed as a possibility, in which case a
similar antecedent step to this one might be
expected.

2. Atomic combinations under control of the chemist,
involving ordinary valency, but with affinities wh.ch
ate not co-related to the valency values.

3. Molecular complexes, involving a sort of residual
or excess valency which tends to become diffuse.

4. Cohesion, involving a still more remote type of
valency which bemg wholly diffuse is more of the
nature of an affinity pure and simple, and, indeed,
in this case the idea of valency may be entirely
eliminated.

It is to be noted in connection with the above state-

ments that null-valency and zero chemical affinity coin-
cide in the case of the inert gases of Group O, but in

respect of the elements of other groups there is no rule
co-ordinating valency and chemical affinity.

21. The idea of considering hydrogen as an electro-
positive unit in the structure of the atom, is attended with
several difficulties. In the first place 16 hydrogens
(H = 1008) as sub-atoms would not yield oxygen of atomic
mass 16 exactly, but there is no need of considering for

the present a unit differing from absolute unity in value.
In tbs Second pilacs tbere h a real difficulty in cases wbeie

147

the built-up atom has a fractional mass value of consider-
able magnitude as, for example, chlorine 3545, and silver

107 88 ; but in these cases the discovery ol isotopes seems
to come to the rescue, although judgment must be sus-
pended pending the actual experimental confirmation that
there are isotopic atoms in the composition ot elementary
mass aggregates of this type. Some physicists have
reason to doubt the existence of isotopes except in the
case of lead and the radio-active elements. The positive-
ray experiments of Sir J. J. Thomson do not apoear to
have quite definitely settled this point (see "Rays of
Positive Electricity," by Sir J. J. Thomson). Sir William
Crookes suggested many years ago that the individual
atoms may not be exactly alike in mass, and consequently
the measured values may be average figures.

22 Sir J. J. Thomson and Sir E. Rutherford have con
sidtred the possibility of a change or disappearance of
some of the mass when the sub-atoms united or poly-
merised to form the suggested atom of n units mass, so
that, for example, H -- i-oo8 taken 16 times is 16 exactly.
To account for this violation of the principle 0/ the con-
iervation of mass, the masses involved have to be treated
as wholly of eleclro-magnetic origin (as in tba case of the
electron), and when combined the fields are supposed to
have interacted so as to give the resu. required. Sir

J J. Thomson, in discussing the problem from an energy
point of view apart from that of isotopes, suggested
that in this action an enormous amount of energy would
be involved (see Thomson, "Atomic Theory," Romanes
Lecture, 1914), especially in the case of the formation of
the part of the chlorine atom represented by the decimal
fraction (045).

23. The radio-elements, however, offer a clue to the
possible solution of this dffi ulty. Amongst these
elements there are atoms differing by several whole-
number units in their mass values, yet so chemically and
specttoscopically alike that no separation or distinction
can he made, and it is only by the process of radio-
active change from one clement into anoiher that this
fact was discovered. Prof. 8 iddy has made a special
study of this phase o< radio-activity and he has designated
such elements isotopes. Lead fr im different sources has
been Inund to possess different atomic masses. Tnis
element is now reg rded as the end-pr.iduct from t-vo or
three lines of atomic disintegration, ^t least in certain
cases; hence the difference in atomic mas-. Since some
lead is the end-product of a process of devolution, there
may be also some lead that g the end product of evolution,
the two processes culminating at one place in the periodic
table, the former process being retrograde in character.

24. A study of the periodic table reveals the fact that it

is made up entirely of elements approximating to isotopes.
For example, lithium, sodium, and potassium are very
nearly alike chemically, though spectroscopically quite
distinguishable. They occupy a one-group place in the
table. These elements differ from each other in atomic
mass by 16 units, and there are other instances in which
the difference is greater The radio elements, on the
other hand, are of much higher atomic mass, and the
differences in respect of the isotopes are, relatively to the
total masses, considerably less. It is not therefore so
surprising that certain radio-atoms should be identical

chemically and spectroscopically. In the instance of
lead, which has a high atomic mass (207) a varia-

tion of several units would not be expected to give an
appreciable chemical and spectroscopic difference ; that is_

to say, so long as the atoms under consideration are of
the same group. This idea tells against extending the
scheme of isotopes to the elements of low atomic mass

;

but, here again, a curious circum.stance seems to obviate
in a measure at least the difficulty under discussion.

25. The very low atomic-mass elements are practically

whole numbers; i.e., without fractions of appreciable
magnitude. Beginning with hydrogen, the first departure
involving a large fraction (neglecting Bs 91) is that of

magnesium 24'32. The ttno neons (mean value, za-2)
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distinguished by Sit J. J. Thomson by means of positive-

lay analysis, sitcngthcns the idea ol cjitending the isotopic

principle to explain fiactional irtegulatities amongst those

elements whose atomic masses are known to be fairly

accurately determined. The neons in question have

values 20 and 22, but since Ihese are relatively (ewer

atoms present of the higher value, the mean, 20 2 (deter-

mined by density measurements), is to be expected. Tne

atomic mass of silver is vety accutaiely known, whilst the

values of copper and gold are known with considerable

accur,icv. Tne foUiwiig s..hcme (>ee a note of mine,

Chemical News, 1914. cix., 143) teptesents a guess at

po^MO^e i-ot ipts, but this mttnod must not be taken as

anything more than an illustration ol the idea of extending

the piintiplc in qucsuon to non-tadio-aciive elements.

The whole numbers are, of cnurse, arbitrary as they have

not been aitived at by experiment.

Copper. Silvet. Gold.

63^7 441 107x7 = 749 196 K 7 = 1372

(63 + 41X1=67 (I07 + 4)X2 = 22^ (196+41X3=600

8) 508 9) 971 io)i97i

63 50 107 88 197'2

Exp. values 63 57 10788 197 2

Ilisjuit poistble that the massrs of the isotopes 0/ the

noti-ratiw-aclive elements have buome equaliied by some

process vf tiiterchange of energy, so that schemes such as

here shown cannot be tested by experiment. Some advanced

physicists regard all mass as purely a manifestation of con

fined energy. (Sec "EicLtion Theoty of Matter," by

O W. Richardson, p 31S).

26 In considering the Ptout hypothesis (see 19) the

qutstion m ght be iai>ed as to whether the sub-aiomic

units give rise to a nuclear or central ma>s vaiying in

diamcttr pri pirtionately to the number of such units Co

otdinatcd in the atom. Tne posiiiven ss of the atoms in

Gr.iup I. ol the periodic laulc varies fiom litnium to

i£.ium, the latter being prubably the most electro-

p,,Mtive element known. lhi» might be ccountcd for il

the diameter of ihe aconiic nucleus is constant, whilst ihr

density vanes in proportion to the number of posiuve sub-

aiomic units cmuaincd therein. The presence of elections

in the atom copdiiions the electto-positive cf=[-ct, howcvet,

and this must be taken into account. Fof example.

ca;-iuni contains mote electrons than lithium, which is ot

low aioniic mass, and the elcctro-po-iiiveness of the

nucleus of the ca;-ium atom may itself be even greater than

that indicated chemically. Or by the position ot this element

in the electro-chemical scries. Pif^bably the electrons

change their posuion by orbital orientation or otherwise,

as IS evidently ihe case in certain magnetic phenomena,

and thereby the property in question is altered. It will be

remembered that radium after losing a helium atom (the

actual eniis->ion is a- and 3 particles) becomes an emana-

tion (inert g»s) with no chemical activity.

27. Prof. T. W. Richards has investigated the compr-s-

sibility ot the elements. The following table gives the

compressibilities of a few elements in megabar units-

each value to be multiplied by 10-'':—

Caesium 610
S'dium 156
Lead 22
Aluminium 13
Rrd pht^fphoius 90
While ph'.'Sphoius 203

It is to be noted that there is a laree relative difference

between the two vaiieti--s of rho>photus which seem to

indicate that compiessibiliiy is a piopeitv distinct ftom

any nuclear magnitude which is removed from thetxiernal

reg'Ons of the atom.

28. Piof. Richards {Am. Chem. Soc. yourn., Dec.

1914, xxxvi., 2417) assumes that the volume of the atom

is con.pressible as suggested by the variation of b in van
der Waals' equation, but unlike this variable he assumes
that the molecular bulk when not compressed may be
about equal to the critical volume, but that this volume is

already diminished by compression due to cohesion when
the gas liquefies. The small compressibility of I'quids

and solids and tbe absence ol appreciable contraction on
CO'iIing, points also to the close packing of the atoms.

The alkali metals suffer the following compressions and
contractions ;

—
Li. Na. K. Kb. Cs.

Compressibility .. 90 15'6 31 7 400 fiio

Contraction .. .. 176 215 331 368 536

The increase in contraction in passing from lithium to

zx ium IS attributed to the increased compressibility of

the metals with the larger atomic volumes.

29. Sir E. Rutherford has investigated the internal ot

subatomic structure of matter by studying the scattering

ol high-speed a and 6 particles in their passage through

thin films. It was lound that a small percentage of the

total o particles suffered a deflection through an angle

greater man 90^, and it was considered that such deflec-

tions could only be due to the particle passing very close

to a single atom in its passage through the film. To
account for this phenomenon, the atom ot the film was
•upposcd to possess a charge of positive electricity con-

centrated in a very small relative space in its centre. It

was therelore " necessary to surpose that the gteater part

of the mass of the atom was associated with the positive

charge which for distances up to 3 x io~'2 cm. behaved
as il it were concentrated at a point " (Rutherford). The
large angle ot scatteting was attributed to the intense

electric field surrounding the centralised charge, and the

laws of scattering have been experimentally vciified by

Geiger and Marsden, who found that the number ot par-

ticles scattered, and the angle obseived, fulfilled tbe

theoretical requirements within the limits ol experimental

ertot ovet an enormous experimental range.

30. Moreover, the compaiison of the exptrimental

resu ts with the electrical theory ol the atom indicates

that the central charge in tbe atom is about half the

atomic mass, which is roughly the atomic number indicated

by the expcrimenls of Moseley (see above). The theory

of scattering, however, requires a modification when the

mass of the scattering atom approaches to that of the a

particle which is the helium atom of atomic mass 4.

The electrons are supposed to be distributed throughout

a spherical volume or in concentric rings in one plane.

31. Sir E. Rutherford (" Radio-active Substances and
their Radiations," tgi3, 630) says:—"On this theory the

a panicle in rapid motion consists of two unit positive

charges concentrated throughout a volume minute com-
pared with the volume of the atom as ordinarily under-

stood. Since It dots not seem possible that the a particle

can retain any of its constituent electrons in escaping

from the radio-active atom and in its violent encounters

with the atoms of mailer it traverses in its path, it is

reasonable to su[ pose that the neutral helium atom con-

tains two unit positive charges and two negative

electrons."

32 Prof. J. Perrin in his book "Atoms," 1916, 162,

draws attention to the possibility that in the process of

I hemical dissociation the change is biought about by the

action ol electro-magnetic radiation. The rate of disso-

ciation at constant tenipeiaiure when a molecule .\ breaks

up into its generatois, taking a unit volume, is pr!^por• 1

lional to the concentration of ihe gas A. and the process I
cannot be altered by the admixture of other non-reacting "
gases functioning as dilutants II the process depended
upon the number of impacts, accepting the kinetic theory

of gases, which is firmly esiablishtd, the foregoing state-

ment according to Perrin would not bean accurate rendering

of tact, constquenily be suggests that the underlying cause

of dissociation is to be sought in radiant energy, since the

rate of dissociation depends upon temperature inde
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pendently of dilution, disiegaiding any catalytic action as
ordinarily understood.

33. In connection with the foregoing statement the fol-

lowing radiations in wave-lengths from Dr. Q. W. C.
Kaye's book, " X-Rays," 1918, 234, may be of interest :

—

Wave length in cms.

to 02
77X 10-5

5 ,1 36 X 10-5

5 M 50X 10 6

7 „ I 7X 10-9
S „ lox 10- '°

Kind of wave.

Hertzian waves .. 10-'

Infra red rays .. 0031
Visible light rays .

.

77 X 10-

Ultra-violet rays .

.

36 xio-
X-rays 1-2 xto-
•y-rays 1-4 X 10-

The ionising power of X-rays on gases and a weaker
effect by ultra-violet rays should be noted.

34. Since S and y rays are given out when atomic dis-

integrations take place (radio-activity) it is probable that

radiant energy was absorbed when the atoms were formed.

The type and intensity of these rays emitted \aries

amongst the radio-atoms and there are a few cases of

rayless changes, as if j3- and 7-rays were absorbed within

the atom. There may be cases, however, in which the

rays are expelled too slowly to be detected.

33. There is another clnss of phenomena that should

be considered, and that is the part played by catalysts.

The theory of catalytic or contact action has been ex-

pounded by chemists rt some length and various views

are held. One view is that a catalyst is a body which
forms a transient compound with a reacting substance with

which it comes into contact ; but, that the compound so

formed being itself unstable under the circumstances

reverts in part, say, to its generators and the catalyst

remains unchanged. Meantime, the compound tem-
porarily formed gives rise to a "nascent" or active body
which starts the proper action. The process repeats and
extends. The reaction is delicately poised, consequently,

a small amount of impurity, if of a certain kind, impedes
or stops entirely the process, in which case it renders the

catalyst incapable of taking part in the activity, somewhat
in the same way that grease will prevent iron from rusting.

Assuming, for example, that a substance deoxidised as

fast as it oxidised, it would remain unchanged, yet give

rise to nascent oxygen, but il the substance is greased it

would not oxidise even transiently. This statement is not

intended to be more than a hypothetical case, by way of

illustration. E. Jobling ("Catalysis and its Industrial

Applications," igi6, p. 73) says, referring to methods of

hydrogenatioii, "The mechanism of these remarkable re-

ductions can be explained in several ways. It maybe that

the passage of the hydrogen over the finely-divided metal

induces its decomposition into the atomic or ' nascent

'

state, or that the temporary occlusion of the hydrogen
upon the catalyst favours its interaction with the reducible

body. A more probable explanation is that put lorward

by Sabalier himself, who supposes the formation of an
intermediate unstable hydride upon the surface of the

metallic catalyst, this hydride being capable of furnishing

its hydrogen rapidly and in a suitable state to a substance

v/hich is able to utilise it. There might even be a series

of hydrides formed, in which case the varying degree of

activity of the different metallic catalysts would be

explained, since then the most powerful catalyst would be

capable of forming the greatest number of hydrides."

36. I. Langmuir has investigated the adsorption of gases

on plane surfaces of glass, mica, and platinum {Am.
Chem. Soc. Journ., Sept., 1918, xl., 1361), and he regards

the adsorption in these cases to be due to chemical forces

of the primary and secondary valence types, particularly

the former in the case of metals. At low temperatures

( - 183° and - 118° C.) relatively large amounts of gas are

adsorbed by glass and mica except when hydrogen is used.

With platinum, however, no adsorption could be observed

even at - 183° C. until after this metal had been heated

to 300° C. in a mixture of hydrogen and oxygen, when
"activation" took place, so that when oxygen was

|

brought into contact with CO adsorbed on the activated
platinum CO^ was formed, which at room temp'jratute
showed no tendency to be adsorbed by this metal.

37. In the analysis of crystals by means of X-rays, it

has been found that the structure of the entire crystal is

like one vast molecule, since the molecular identities, as
exhibited when the substance is in a liquid or gaseouj
state, have more or less disappeared (see 20). This fact

leads to two possible views in connection with (t) funda-
mental chemical combinations (sub-atomic phenomena)
and (2) the acton of a catalyst. In considering (i) the
building up of the atoms from lithium to uranium by poly-

merisation of primal units, hydrogen and helium of atomic
mass, respectively, i and 4, the idea of the nuclear part
of the atom behaving like a crystal in having the original

components merged as a whole, and the electrons present

coordinated so as to form one orbital system, suggests
itself. Such a system may, however, be of complex
structure. It is a well-known fact that radioactive phe-
nomena strongly supports the idea of a built-up atom
owing to the reverse process revealed by atomic disinte-

grations. With regard to the possibility of (2), the action

of the catalyst on molecular aggregates, i.e., atomic
groups so bound together as to function as a unit mole-
cule, the combination may take place ir % small fraction

of the whole mass, when started by the presence of a

catalyst exposing " nascent surfaces" (if such an expres-
sion may be used) to reaction with the reacting substance
itself, whereby the electrons take up new positions.

There is here a suggestive parallel in the action of certain

radio-atoms which change their chemical character with-

out emitting rays of any kind (see 34).
It is unfortunate that such terms as nascent and activated

are necessary, since these expressions do not advance the

state of knowledge suflRciently to be of much use. It will

be seen, however, that, as in all chemical actions, an
electronic activity is implied, and when the mechanism
of this activity is understood probably a definite meaning
can be attached to these terms and chemical af^nity in

particular elucidated.

THE CASE FOR A RING ELECTRON.*

By Dr. H. S. ALLEN.
(Concluded from p. 139).

10. The Zeeman Effect.—In the simple theoretical ex-

planation of the Zeeman effect first given by Lorentz, the

motions of the electrons in a luminous source are analysed
into three components, a vibration parallel to the lines of

magnetic force and two circular motions, clockwise or

anti-clockwise, in planes normal to the lines of force.

The vibrations are assumed to take place under the in-

fluence of "elastic" forces, attracting the electrons

towards a position of equilibrium. Although explanations

of the magnetic effect have been given by the combination
of the quantum hypothesis with Bohi's atomic model,
Debye has emphasised the fact that with these assump-
tions there is no place left for the quasi-elastic oscillating

electrons which have been used in all theories for the

explanation of the Zeeman effect from Lorentz to Voight.
Mention should be made of the theory of Ritz in which
the electron moves in an orbit in a plane perpendicular to

the axis of a magnet formed by the addition of a number
of elementary magnets, which are the same for all

substances.

If radiation is due to pulsations in a ring electron it

would seem that the Zeeman effect should follow from
reasoning similar to that first employed by Lorentz.

For consider a " pulse " in the form of a small " hump "

travelling round the ring. This may be regarded as

• Opening Paper on a Discussion on "The Case for a Ring
Electron,'' at the Imperial College of Science, October aj, 1918.

From the Procee^tings oj tha Physical Society, xxxi., Part j.
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cquiva'ent to a panicle of mass Am and charge ke (where

k If. a (lactiori ol the total mass or total charge) iiavelling

It) a circular path under the inHaci'ce of clatitic forces.

A magnetic ticid would produce a change of period

(positive cr negative) as in the theory of Lorentz propor-

tional to kejkm, that 15 to f/m.

The complex resolutions sometimes observed under the

influence ot the magnetic field may possibly be explained

as arising Irom more complicated pulsations of the ring.

Runge has made known a rule which states that the com-
{.licated magnetic resolutions are in simple relation with

the normal value of t/'/i. Ritz has endeavoured to explain

the magnetic resolutions by a kind of precessional move-
ment ot the system round the lines of force as axis.

This theory and those put forward by Lorentz and Vuigt

may be found discussed in the last chapter ol /ieeraan's

"Researches in Magneto-optics." " Voigt has abandoned
the supposition of magnetically isotropic arbitrarily

orientated, particles, and modified Larentz's system uf

equations. He supposes that the radiating particles are

orientated under the action of the field." The results

obtained on this assumption are competent to explain all

the resolutions observed. The hypothesis of the ring

electron appears to furnish exactly what is required for a

basis of this theory. In particular it explains the difficulty

as to the absence of an undisplaced line in light emitted

perpendicular to tbe field, for the electron would set at

tight angles to tbe magnetic field, and there would be no
motion ol parts oi the ring parallel to the lines of magnetic
force.

II. Solar Electron Streams.—The view that magnetic
storms and the aurorx are due to ionisation of tbe outer

regions of the atmosphere by streams ol electrons or ions

projected from the sun is now commonly received,

Scbustei has drawi attention to the fact that the electro

static forces due to a cloud of charged particles would
tend to scatter the particles to a considerable extent [Proc.

Roy. Soc, igit, Ixxxv., 1)4). If, however, the electron

possesses the properties of a small magnet a little con
sideratian will show that the magnetic forces would tend

to diminish the scattering ellect. This may make it

easier to understand the sudden commfncement of

magnetic storms, which would be difficult to explain if

the electron stream is widely scattered before reaching the

earth. Even if the effect referred to is small it may not be

negligible in tbe case of a crowd of electrons moving in a

magnetic field.

i;;. Chemical Considerations.— Serious difficulties are met
with when an attempt is made to apply the conception

of the electron at present in vogue to problems of chemical
constitution and stereo chemistry. Any theory in which the

elections are in rapid orbital motion is difficult to reconcile

with the stereo-chemical evidence for a definite spatial

arrangement of the groups of atoms attached to a carbon
atom, especially as the rings of electrons must usually all

rotate about the same axis. These difficulties have been
discussed at length by Parson. What seems to be re-

quired is the existence of chemical " linkages " or " bonds "

having definite relations in space with reference to the

atom, and yet admitting of a certain mobility. This in-

volves the presence of valence electrons which are at rest,

or vibrating within narrow limits, near the surface of the

atom. Stark has developed a theory on these lines,

taking into consideration only electrostatic forces.

Nicholson {Proc. Phys. Soc, 1918, xxx., 65) has discussed
the stability of such systems, and has shown that Stark's

conclusions do not survive a quantitative treatment. It

appears to be impossible for two atoms in a molecule to

be linked by a single electron, or by two electrons, which
attract both atoms.
Theintroduction ofa magneticel!;ctron,producingboth an

electric and a magnetic field, furnishes a means of avoiding
these difticulties, so that it becomes possible to retain

stationary electrons and at the same time the orbital

iiution which is lequiied to explain ladiatioii and aiag-

neiism. It is perhaps well to emphasis: tbe fact that this

theory includes both electrostatic aid magnetic attractions
and repulsions. It is probable that the electrostatic forced
play the most important part in the formation oi chemical
compounds, especially in those of 'polar" type, whilst
the magnetic forces may be regarded as permitting a
stable arrangement of stationary atoms and electrons.
The presence of eight groups in the periodic table in-

dicates that for the majority of elements eight electrons
are required to form a stable system. This is brought
out in the arrangement of the table which I published
recenily in the Transjctwns of the Chemical Society (191S,
cxiii., 389). In place of Newland's "law of octaves" we
have wbat may be termed the "rule of eight." This rule

is brought into prominence when atomic numbers are in-

serted in the periodic classification.

The same rule is obeyed in the case of chemical cot"-
pounds, as is shown most clearly by the " molecular
numbers" which I have introduced. The molecular
number signifies the sum of the positive charges carried
by the atomic nuclei contained in the molecule. Both
Parson and Lewis (Journ. Am. Chcm. Soc, 1916, xxxviii.,

762) have emphasised the fact that the groupings required
by chemistry are, in general, of two sorts, one a pair of

electrons closely associated, and the other a very compact
group of eight. These are exactly the groupings that
might be expected from magnetic doublets, for Parson has
shown that the group of eight forms an extremely stable
syftem of low magnetic energy.

13. Cohesion.—That the cohesion of a solid arises from
the action of electric or electro-magnetic forces may
be inferred from optical experiments. The Lorentz-
Fitzgerald hypothesis explains the negative result of the
Michelson Morley experiment by a contraction of the
material framework ot the apparatus in the direction of its

motion through the ajther. Such a contraction, which is

essential according to the principle of relativity, may be
predicted from the standpoint of electro-magnetic theory.
There is therefore a strong presumption that the forces of
cohesion between the particles which give a solid its

rigidity are either electric or magnetic forces.

All chemical forces also are probably of electro-magnetic
origin, and in the light of our present knowledge it does
not seem possible or advisable to distinguish sharply
between chemical and physical forces. Indeed, Langmuir
{yourn. Am. Chem. Soc, 1916, xxxviii., 2221), in an in-

teresting paper on the constitution and fundamental pro-
perties of solids and liquids, concludes that both solids and
liquids consist of atoms held together entirely by chemical
forces. The phraseology may serve a useful purpose if it

serve to emphasise the essential identity between the forces
imparting rigidity of a crystal and those conferring stability

on the molecule of an organic compound.
In this connection it is of interest to recall tbe work of

Lewis (Phil. Mag., 1914, xxviii., 104) on the relation
between the internal pressure or cohesion P in the
equation-

{p + P)(v- b)^RT.
and the dielectric capacity and magnetic permeability of a
liquid. He has shown that the Obach Walden relation
regarding the proportionality between the interned pressure
and the dielectric constant follows from the hypothesis
that molecular attraction is electro-magnetic, not electro-

static .n nature.

Part II.—The PRorERxiEs of the Ri.\r, Electron.
The .Mass 0/ the Electron.

Tte electron was originally regarded as a sphere or
spheroid, and in this case the electro magnetic mass may
be calculated as was first shown by J. J. Thomson. The
electro-magnetic inertia for the slowly moving sphere,
charge e, radius a, is 2£=/jiii =

, where c is the velocity of
light (see Schott, " Electro-magnetic Radiation,' Appen-
dices C and D). For the Lorentz electron, for which the
shape alters as the acceleration proceeds, tbe longitudinal
and transverse masses ate equal to—

2i 3'2c;-(i k")i'i ini 2£^l^ac'{t *-)i,'i



Chemical News,
March 28, igig Volumetric Determlnation of Reducing Sugars. 151

(where k denotes the ratio of speed of the centre to that

of light), as required by thi Principle of Relativity

(Soholt, Pyoc. Roy. Soc, igi8, xciv., 422).

The question of the eieciro-magnctic mass of the ring

electron has been discussed by Webster (Phys. Rev., 1917,

ix., 484), who has shown that the relativity principle

requires certain assumptions about the internal energy,

which, when made in the most plausible way, lead to the

result that the mass of the electron is 2/c2 times its electro-

static energy. In ordinary units the mass is given by

—

M = J^ log ^WR ® R'

where R is the radius of the ring, and R' is the radius of

the cross-section of the ring. This makes the radius of

cross-section extremely small in comparison with the

radius of the ting.

The same assumptions lead to the conclusion that the

gyroscopic properties of the ting electron are exactly those

ol a classical electron in an orbit having the same magnetic

moment.

The Magnetic Moment of the Ring Electron.

For simplicity we may suppose that the electron is com-

posed of a charge e distributed round a circle of radius a,

and moving with angular velocity w. Then the moment
of the.equivalent simple magntt is iea'ut. If m denote

the electromagnetic mass of the electron its angular

momentum will be proportional to ma'to. Thus the

magnetic moment will be proportional to the angular

momentum multiplied by e/m. The quantum theory

indicates hjzir as the angular momenium, and assuming

the factor proportionality to be J, the magnetic moment is

found to be 927 X 10--2 E.M.U.
The magnetic moment of the magneton of Weiss is

18-54x10-2^ which is exactly onefifth of the number

given above. It is to be noted that the magneton of

Weiss " is not in any way identified with the electron, but

is an empirical quantity derived directly from ihe magni-

tudes of the susceptibilities of paramagnetic elements and

compounds, and for such substances only ; it has no

meaning for diamagnetic substances." (Parson, p. 76).

Thus the magneton is purely empirical, am not a

mechanistic conception. In another place, however,

the author has suggested that it may arise as a

difference effect (H. S. Allen, Phil. Mag., 1915, xxix.,

718)-

Parson has given an estimate of the radius of nis mag-

neton, starting from the assumption that the positive

sphere of a large atom is nearly proportional to its

" magneton number." He concludes that the radius of the

magneton is about 1-5x10-9 cm. Assuming further

that the velocity at the circumference of the magneton is

equal to the velocity of light, the magneton moment
= Jci!(; = 3-5X 10-19 E.M.U. This is far larger than the

magnetic moment of the iron aiom in the metal at satura-

tion for which the value is 2 x 10-20 only ; but on Parson's

theory no atom, however many magnetons it contains, can

have a moment greater than that of one magneton, and

the moment of most atoms will be very much less than

this, because the force between the magnetons in an atom

will always tend to orient them, so as to make their

resultant moment zero.

S. B. McLaren {Phil. Mag., 1913, xxvi., 800 ;
Nature,

1913, xcii., 165) found that a magneton of any cross-

section or apertuie has an angular momentum about its

axis of (STf^cj-'NtNm, where c is the velocity of light,

N, is the number of tubes of electric induction terminating

on the surface, and N,„ is the number of tubes of magnetic

induction passing through the aperture. The applications

which McLaren proposed to make " to the theory of

complete radiation, spectral series, and the asymmetrical

emission of electrons in the ultraviolet light " were

apparently never published.

Conclusion.

If the arguments in favour of a ring electron prove con-
vincing, an important conclusion follows as to the central

portion of the atom. The facts of radio-activity indicate

that |3 particles have their origin in the nucleus of the

atom. It, then, ring electrons are present near the centre

of the atom it will be necessary to revise the prevailing

view as to the small size and purely electrostatic field of

the nucleus. I have suggested previously that the cote of

a terrestrial atom is large enough to exert appreciable

magnetic forces. This is a natural assumption to make
when the core contains both ring electrons and positive

units, whatever may prove to be the nature of the latter.

In this case it is no longer necessary to postulate the

large positive sphere of the Kelvin • Thomson atom,
which has been employed in Parson's theory. When the

effect of the magnetic core is taken into account the diffi-

culty found by Parson of reconciling Moseley's atomic
numbers with the nun.ber of magnetons in the atom
disappears.

" To the physicist a theory is a policy rather than a

creed." The ring electron not only serves the purpose of

explaining known results, but suggests further lines for

investigation and experimental research

:n conclusion, I should like to emphasise the fact that

when electrostatic forces alone are considered it is im-
possible to secure stationary electrons such as seem
required in order to explain the facts of valency and stereo-

chemistcy, and the results of Compton and Rognley.
On the other hand, v/hen magnetic forces alone are

considered it is necessary to postulate molecular magnetic
fields of extremely large intensity {io7 gauss, Oxley and
Weiss).

These difficulties may be overcome at one and the same
time by assuming the action of both electrostatic and
magnetic forces in connection with the core of the atom
and tbe electron. We may then introduce stationary

electrons exerting boih electrostatic and magnetic attrac-

tions and repulsions. The energy of the molecular field

would be partly elertric, partly magnetic.
It remains to reduce the theory to a quantitative form

by determining the magnetic moment of the ring electron

and that of the core of the atom, and then separating tbe

local molecular field due to tbe magnetic action from
that due to electrostatic ction.

VOLUMETRIC DETERMINATION
REDUCING SUGARS.*

OF

A SiMPLIFtCATION OF ScALES' METHOD I OR TITRATING
THE Reduced Copper without Removing it from
THE Residual Copper Solution.

By VV. BLAIR CLARK.
Biochemist, Cotton. Tri;ck, and Forage Crop Disease Investigations,

U.S. Department ot Agriculture.

(Concluded from p. 143).

D. Data,

In the following paragraphs and tables data are given
regarding certain features of the method which tbe writer

has had occasion to investigate during tbe course of

routine work.
I. Agreement of Reduplicate Titrations.—Table I. gives

the results of ten consecutive determinations on a certain

invert sugar solution. The tests were carried out as

already described, using 20 cc. copper citrate-carbonate

solution, 10 cc. invert sugar solution, and beating for six

minutes on an electric hot plate.

In Col. 2 is recorded tbe number of cc. of sodium tbio-

sulphate solution required by the excess of iodine solution.

In the third column are tbe differences between these

* jfcfn'.'fT' ofttte Ameyicciii Cffr.nical Scciet)/, xl
, No. 12.
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Table II

Expt No. D^x-rose.

1. w
(4)

(<:)

2. (a)

(»)

(»)

4('>)
(i)

S-l")
(*)

6.(0)

(6)

(')

7-W
(*)

8 (a)

(6) (")

{c)

9-W
(i)

(0
{d)

Totals
and
mean

MS'5

i"oo

2-50

5 00

7 50

1000

It'OO

3-

Iodine.

0/ Riducing Sugar to Thioiulpha'.t Solution EquivaUnt to the Copper Reduced.

4

10 00

lO'OO

1000

10 00

20"00

20'0O

Cc.

n-go
II 78
1176
1070
lo'6o

1070
S-Gj

8-6o
6'65

6-6o

4 50
4-4S

0-37
obo
1310
8-82

8go
4 go

4 52

5 00
1 2'50

12-52

25-20

25 30

igo'SO —

5-

equivaleat
10 reduced

Cu.
Cc.

061
073
075
I 81

i-gi

i-8i

3'9i

3 Qt

5 86
5-gi

801
8-03

1214
11 gi

12 15

16-43

1635
2035
20 73
20-25

o-co

O 00

15283

6. 7-

DuxtroBe factor.

Single
tests

1-64

1-37

» 33
138
1-31

1-38

1-28

128
1-28

1-27

1-25

1-245

1-235

1-25

1-23

1-22

1-22

1-23

1-21

•235

1246

Curve
B.

1-35

I 32

1-28

1-27

1-25

1-24

1-22

8. 9.
Ueiftrose de\-iatioo.

Calculated from From
mean factor. Curve B.

Afgrin.

— o 24
-0-cg
— c-07
— o 24
-012
— 0-24

-013
-013
— 0-20

-0-I4
— o 02

+ 0-005
4-0-13
— 016
4-0-14

+ 0-47

+ 0'35

+ 36
4-0-83

40-23

Mgrm

-o 18

-O 01

4-o-ji
—0-12

+ 0-01

- 0-I2

o 00
o 00
-o 06
4-0-006

4-0 01

-f o 02
4-0 05
-o 23
4-0-07

4-0 04
- o 05
-017
4-o-2g
- o-2g

C
-0-13

— 020

-o 13

-0-17

-001

4-0-04

4-0-41

4-0-30

— o 060

-0077

o 00

— 0-127

-hooi5

-0037

— 0-003

-0057

(a) Heat was low and time of heating was extended about one minute. This test was omitted in the totals

and means of Cols. 2, 5, 6, a d 10.

Taele I.

—

Vaiia'.iotis in Reduplicate Titrations when
Using the Modified Scales Method for Titrating

Reduced Copper.

I. 2. 3- 4- 5-

itratioQ Na.jSaO;; Na.iS.iO;i equiv. Dif. Na.jSiOa. Dif inver

No. required. to reduced Cu. Cc. sugar.

Cc. Cc. Mg.

Blank 25-10 — — —
I. 383 21-27 -008 -o-og6
2. 363 21-47 -hOI2 + 144

3- 370 2140 4-0-05 4-0 060

4. («) 3-go 21-20 -0-15 - 0-180

5- 3-71 21-39 4-0-04 4-0048
6. 3-80 2130 -005 — 060

7- 3-78 21-32 -0-03 - 0036
8. 3 80 21-30 - 0-05 -0 oCo

9- 375 21-35 o-oo 0000
10. 3-61 21-49 4-014 -I-0-I68

213-40

(a) 0.ving to tljctuition of the voltige this test did not

begin to boil for nsaily 45 minutes, but the tot.il

period of heating was not lengthened.

figures and the blank test, these differences being the cc.

of thiosulphale equivalent to the copper reduced by the

invert sugar. Col. 4 sh ws the dilTerences between the

numbers in Col. 3 and the arithmetical mean of these

numbers, taken to the neatest hundredth cc. In Col. 5

the figuies of Col. 4 are convtrtcd into milligrms. ol

inveit BUgar by multiplying by the factor 1-2. Inspection

of Col. 5 shows that the greatest deviation from the tnean

of the ten reduplications was less than 02 mg. of invert

sugar, and that this largest deviation occurred in a test

which did not closely follow the normal heating course.

It will also be observed that seven of the ten tests differed

from the mean by less than 01 mg. of invert sugar.
There seems to be no question but that the chief part of

the observed variations is due to uncontrollable factors in

the reduction process.

2. Ratio of Reducing Sugar to Thiosulphale Used.—
It has been stated that the copper reduced in the copper
citrate carbonate solution, and consequently the tbio-

sulpbate equivalent to the copper, is very nearly propor-
tional to the reducing sugar present. Variations Irom
strict proportionality become significant only when the
quantity of reducing sugar is quite small, less than

7 or 8 mg. in the reduction mixture. This is brought out
in Table II.

All the tests shown in Table II. except two of the blanks
were made on the same day. Starting with (i) (a), those
lettered (a) were run through in order as given, then those
lettered (i), and finally those lettered (c). It was the
intention to run three tests for each quantity ot dextrose
taken, but a quite unusual fluctuatio.i of the heating current
during a part of the afternoon rendered this impossible

;

so for the thiid set of tesis those quantities of dextrose
were used which had shown the greatest variations
between tests (a) and {b).

In Col. 4 are entered the cc. of sodium thiosulphate

solution used in titrating the excess of iodine. Col. 5 gives
the differences between these figures and the means lor the
blank tests. (The blanks for 10 cc. and 20 cc. iodine were
not combined). These figures in Col. 5 represent, therefore,

the cc. of thiosulphate solution equivalent to the copper
reduced by the dextrose, and consequently are a mea>^ure
of the dextrose. Col. 6 gives the dextrose factors obtained
by dividing the mg. of tltxttose shown in Col. 2 by the

cc. of thiisulphate i.i Col. 5. The mean of Col. 6 is

obtained by dividing the total of Col. 5 into the total of

Col. 2, test (5) (/') being omitted.

In Col. 8 ate shown the deviations from the correct

value of dextrose that would occur if the mean value of

Col. 6 were used as the factor by which ,to multiply the



Chbmical News, Volumetric Detenninatien of Reducing Sugars. 153

values in Col. j. The minuB sign indicates that the dex-

trose value so obtained would be too small by the given

amount, while the plua sign indicates too large B value.

Col. 10 gives the means of these deviations lot each group

of tests for a given quantity of dextrose.

3. Effect 0} Time of Heating ut'on the Copl>er Reduc-

tion.— la practical working the amount of heat applied to

the reducmg mixture may be varied by changing either the

length of the heatmg period or the intensity and quantity

of tne heat. To determine the effect of moderate varia-

tions, tests were made as saown in Table III. From this

table it can be seen that the time of heating is an im-

portant factor. It should be noted that the last two items

are not comparable with the first three. Besides being

carried out with a different volume of the reduction

mixture, different solutions of invert sugar were used. As

a result of these and other similar tests, of which those

given are typical, it was decided to use in the routine work

of this laboratory a reduction period of six minutes and a

volume of 30 cc. made up of 20 cc. copper citrate-

carbonate solution and 10 cc. test solution, the last suit-

ably diluted when necessary. No quantitative determi-

nation was made of the effect of the volume of the

reduction mixture.

T.\BLE III.

—

E^ect ut'on Reduction 0/ Cofiper by Invert

Sugar K'hen the Tune of Heatmg is Varied, (a)

Thiosulphate solutioi used for ;

Time of 1
'

'

healing Vol. of loomgrm. zoomgrm. 25'omgrm.
invertsugar. invert suga.r inveit sugar.

Cc. Cc. Cc.
Min. red. mixt

45 25-0

5'o 250
5-5 250

60 30
7-0 300

1432
1412
13 9S

8 20

7 79
7'44

9 00
t;93

(a) The several figures given for thiosulphate solution

used are the means of three or more titrations. The
reductions were made on an electric hot plate

operating under quite constant voltage. The
heating periods in these and all other tests men-
tioned in this article were measured with an interval

timet graduated in one quarter minutes, and readily

set to time operations with a variation of less than

three seconds. Incidentally, it may be stated that

this has been found to be an exceedingly con-

venient piece of apparatus to have in a laboratory,

as it releases nervous energy for use in more pro

fitable ways.

4. Effect oj Sucrose, Alcohol, and Formaldehyde upon

the Copper Reduction.—One of the claims made for the

copper citrate-carbonate solution is that it is much less

sensitive to sucrose, alcohol, and aldehydes than is

Fehling's solution. Table IV. gives the result of some
tests with sucrose.

Table IV.

—

Effect of Sucrose upon Copper Reduction,

Using a Reduction Volume of 250 cc. and a Heating

Period of 4-5 Minutes.
Sucrose taken. Thiosulphate used.

No. of test. Mgrms. Cc.

I o-o 2060
2 500 2060
2 100*0 20 60

4 ->5oo 2027

From these results it is seen that sucrose has no sensible

eflect unless present in great excess as compared with the

reducing sugar to be determined.

In studying the effect of alcohol, there was used as a

test solution 10 o cc. of an alcoholic dilution made by

adding to some 95 per cent alcohol its own volume of dis

tilled water. The reduction mixture of 30-0 cc. was
heated six minutes on the electric hot plate, two closely

concordant tests requiring a mea 1 of 2533 cc. thiosul-

phate solution. The blank tests with water gave a mean
value of 26 45 cc. thiosulphate. Thus the effect of the
quantity of alcohol used is hardly appreciable and isin
fact within the experimental error.

5 00 cc. portions of a to per cent formaldehyde solution

which had been standing on the shelf for several months
were used in reduction mixtures of 25 cc. volume, heated

45 minutes. The mean of two concordant tests

was 22'6 cc. thiosulphate solution, while the correspond-
ing blank tests with water gave a mean of 242 cc. The
considerable quantity of formaldehyde present gave a

copper reduction equivalent to that of about l^iiy mg. of

invert sugar.

5. Effect on Copper Rtduction oJ the Czapek-Dox
Nutritive Fluid. — In the laboratory a considerable amount
of routine work is being done in determining reducing
sugars added to or developed in Czapek Dox nuirit ve
fluid and in a modified form of this fluid in which
ammonium nitrate is substituted for sodium nitrate. For
test purposes fluids of both forms were made up to double
strength in all ingredients except carbo-hydrates, which
were omitted entirely. Copper reducl'^n tests were then

made, using these fluids and comparing them with blanks
in which distilled v\'ater was used. The results are shown
in Table V.

Table V.

—

Effect on Copper Reduction of the Czapek-
Dox and Modified Csapek-tJox Nutritive Fluids.
Volume of Reduction Mixtures 300 cc. and Heating
Period Six Minutes.

Thiosulphate solution required with io"oo iodine.

Test.

{«)

{h)

Mean

Blank.
Cc.

127s
12 72

12735

Unmodified
solution, Cc.

1275
1272
1270

12 723

Modified
solution. Cc.

1270
1275

12 725

From these figures it is evident that the effect upon the
copper citrate-carbonate solution of both the unmodifled
and the modified forms of this nutritive solution is in no
wise different from that of distilled water.

Summary.

The foregoing article may be summarised as follows :

—

1. There has been described a quick and simple
iodometiic method of titrating the copper reduced in

copper citrate-carbonate solution in the original reduction
flask.

2. Concentrations of solutions used and a definite

method of procedure have been described for quantities of

reducing sugars up to 75 mg. and principles pointed out
for adapting the process 10 larger quantities of such sugars.

3. The accuracy is such that with care the results of

duplicate determinations should not differ by more than
025 mg. reducing sugar. In routine work the writer

finds the difference less than i-o mg. in the majority of

cases.

4. The ratio of reducing sugar to copper is nearly con-
stant, the greatest variation occurring in low values.

Instead of using tables it is advised that each observer
standardise his own procedure and then determine the
ratio for that procedure.

5. Sucro.se in quantities not exceeding 100 mg. per
10 cc, 50 per cent ethyl alcohol, and two modifications of

Czapek's nutritive fluid have no appreciable reducing
effect on the copper citrate-carbonate solution ; but 10

per cent formaldehyde effected a small reduction of

copper.
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ORDER OF THE MINISTRY OF MUNITIONS.

Seeds, Oils, and Fats.
General Licence.

With reference to the Order made by the Minister of

Munitions on May i, 1917. eclating to seeds, oils, and

fats, which, amongiit other things pcobioited, with certain

excepujns, all purchases and sails of and dealings in the

seeds, oils, and lats, speciiied in the first schedule to such

Order, except under and in accordance with the terms of

licences issued by or under the authority of the Minister

o I Munitions, the Minister of Munitions hereby gives

notice that as from March 18, 1919. until further notice,

be hereby licences all persons to sell, purchase, and deal

in all or any to the seeds, oils, and tats specified in the

first schedule of the said Order as they may think lii

irrespective of quantity, subject only to the following

condition, namely :

—

No such sale, purchase, or dealing shall be effected at a

price in excess of that fixed as the maximum price for

such sale, purchase, or dealing by the said Older of May i,

Iyi7, as extended and modified by the sub^eqaent Orders

relating to seeds, oils, and fats made by the Minister of

Munitions on May 9 and June ig, 1917.

This general licence may be cited as the " Seeds, Oils,

and Fats General Licence, igig."

NOTES.
{From the British Association of Trade and Technical

yoiirnals).

The Alby United Carbide Factories, Ltd., Alby Electrode

Works, Hcbburnon Tyne, desire particulars of publica-

tions dealing with Amorphous Carbon Electrodes.

J. A. Hewetson and Co., Ltd., Timber and Hardwood
Merchants! Dansom Lane, Hull, ate contemplating manu-

facturing Plaster Picture Frame mouldings, which were

previously imported from Germany. They have no know-

ledge of the procedure and want to get in touch with a

publication dealing with this matter. Also information

with regard to gilt slips and gilt flats, which are inserted

in picture frames next to the moulding.

John Hart Brittain, Ltd., 2, Percy Street, London, W.i,
desire the address of a manufacturer of tin filling machines

suitable frr use in filling tins with face cream, ointment, c&c.

Hawkins Brothers, Melbourne Works, Coombe Street,

Exeter, contemplate manufacturing wood bedsteads and

bedding, and want particulars of makers of machines for

carding wool, making wire mattresses, and ironwork com-

plete.

Sir W. G. Armstrong, Whitworth, and Co., Ltd., Brass

Foundry Dept., Elswick Works, Newcastleon-Tyne, are

desirous of obtaining an up-to date book relating to Brass

Sheet Rolling Mill Practice.

Safety Storage and Warehousing Co., Ltd., Douglas

and Humboldt Streets, Victoria, B.C., want a copy of

publications dealing with machinery for the following

uses :— Extracting oil from Cotton Seed, Cocoa, and oihei

beans, and Copra or cocoanuts ; also wood pulp and paper

making machinery. They also want the names of reliable

firms who handle new and second-hand machines for

these purposes. These machines are not made in Canada,

but ate obtainable from the U.S A., but the enquirer

prefers interesting his friends in British made machines

rather than American.

Lieut. Norman Turner, 225th Mixed Brigade Train,

Gorlestonon-Sea (Proprietor of H. Vickers and Co.,

Manufacturers of Ivory Billiard Balls and Accessories, i,

North Avondale Road, Southport), who up to the present

lime has been engaged in ivory turning, intends, on his

release from the Army, laying down the necessary plant

for Billiard Cue making, and wants any information re-

garding lbs manufacture.

E. B Welster, 17, Gordon Square, London, W.C, is

interested in Motor Tractors and desires particalBrs of

publieations dealing with the aame.

PKOChEDINGS Of bOclETlhS.

ROYAL SOCIETY.
Ordinary Meeting, March 6, 1919.

Sir J. J. Thomson, President, in the Chair.

The following papers were read :

—

"Atmospheric Stirring Measured by Precipitation." By
L. F. Richardson.

" Measurement 0) Water in Clouds.'' By L. F.
RiCHARDSO.V.

Pnoiomctric methods enable us to estimate the amount
of water in clouds in terms of the diameter of the cloud
droplets. For thin cloud, through wh'ch the sun can be
seen, it is the contrast ol brightness between the sky and
the sun which is measured. For thick uniform stratas it

IS the total light transmitted to earth which is measured as
a trac ion of the incident sunlight. If the cloud were
compressed into a homogeneous horizontal lamina, of
water or of ice according to its temperature, the thickness
of this lamina would appear to have the following values,

when expressed as a multiple of the diameter of the cloud
droplets ;—For cirrus, cirro-stratus, and cirro-cumulus on
the average about 05 ; for stratus which only just

permitted the sun to be seen, 41, the sun's zenith
distance being 4g° ; for a sirato-nimbus of ordinary
appearance, 24.

The formuU^ given are of the nature of first approxima-
tions. Tne apparatus is described. Incidentally, the

scattering of sunlight by a sphere of water is studied in

some detail.

Ordinary Meeting, March 13, 1919.

Sir J. J. Thomson, O.M., President, in the Chair.

The following papers were read :
—

"Concerning Emotive Phenomena. Part III. — The
Influence oj Drugs upon the Electrical Conductivity of tke

Palm of the Hand." By Dr. A. D. Waller, F.R.S.

" The Existence ot Daily Groivth Rings in the Cell Wall
0/ Cotton Hairs.'' By Dr. W. L. Balls.
The probability that such growth-rings existed bad been

formerly deduced from studies upon the physiology and
environment of the cotton plant in Egypt ; but, since

their thickness must be sub-microscopic, direct evidence
was unobtainable until recently. By swelling the wall in

hydration following formation of cellulose \anthate, by
counting the layers thus magnified in thickness, and by
comparative studies on the fuzz hairs, it is shown that

each such ring corresponds to the cellulose laid down
during one night's growth. The existence of variation as

to kind or texture of cellulose thus shown to exist within

the thickness of the wall, repeated some 25 times in the

adult hair, necessitates reconsideration of many chemical
and physical aspects of cellulose problems.

obituary-

Monsieur JACQUES DANNE.

With great regret we have to announce the death of

M. Jacques Danne, which took place at Gif (Seine-et-Oise),

France, on March 8, at the early age of thirty-seven.

.M. Danne was Director of the Laboratoire d'Essais des

Substances Radio-actives de Gif, and Editor of the well-

known journal Le Radnim. He was an enthusiastic

worker in X-rays, radium, and the allied bodies, and has
conducted many valuable researches on these subjects.

His journal is one of the most important French periodicals

devoted to this comparatively new science. He will be
greatly missed by his fellow radiologists.
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NOTICES OF bOUKS

fTigh Explosives. By Capt. E. de W. S. Colver,
Dr. Met., F.C.S., A.l.A.E. London : Crosby Lockwood
and Sjn. 1918. Pp. xxx + 830. Price ^^3 3^. net.

The copious literature in Englisb, German, French, and
Italian dealing with high explosives has certainly needed
bringing together and suniinatising, and the author of
this book has undertaken a fotniidaiiie and lengthy task in

attempting to deal with practically the whole ol it. In

the main he has succeeded admirably, although it would
not be impossible to find details which could be adversely
criticised. For example, the !<ize of the book makes it

rather unwieldy, and the same amount of material might
well have been c mpressed into much less bulk, li all

waste of space had been vigorously avoided, and possibly

some unnecessary illustrations cut out. The treatment
of coal-tar and petroleum for the recovery of various
derivatives is first described in detail, and directions are

given for the testing and analysing of raw materials used
for making explosives. Tbese directions are hardly full

enough for the analyst to work from them, but on the

other band, they give a general outline of the processes
usually adopted and the conclusions to be drown from the

resulta obtained. Methods of nitration are described,

and separate chapters ate given to the nitro derivatives of

the aromatic hydrocarbons, the manufacture, putlAcation,

properties, &c., being fully discussed. The rules and re-

gulations regarding the manufacture of nitro-compounds
enforced in Germany are reproduced, and full accounts
are given of the toxic effects of nitrous fumes, symptoms
ol poisoning, &c. The general properties of explosives

their use and application, &c., are treated in considerable,

detail and from an eminently practical standpoint, and
the book is bound to take rank as an exhaustive and
authoritative text-book on the chemistry of high explo-

sives and their uses for both military and industrial

purposes.

BOOKS RECEIVED.
"A System of Pnysical Chemistry." By Prof. W. C

McC.Lewis,M.A.(R.U.I.),D Sc (Liv.) Pp.v.ii + 204.
Second Edition. In Three Volumes. Vol. III.

"Quantum Theory." With two Appendices by
James Rice, M.A. London : Longmans, Green, and
Co., 30, Paternoster Row. 7s. 6d. net.

" Coal tar and some of Its Products." By Arthur H.
Warnes. Pp. xxii-f 102. London : Sir Isaac
Pitman and Sons, Ltd.

"An Advanced Course in Quantitative Analysis." With
Explanatory Notes. By Prof. Henry Fay. Pp.
vi+ill. New York: John Wiley and Sons, Inc.

London: Chapman and Hall, Ltd. 1917- 63.net.

"A Systematic Course of Qualitative Chemical Analysis

of Inorganic and Organic Substances." With Rx-
planatory Notes. By Prof. Henry W. Schimpf.
Third Edition, Revised. Pp. ix-l-187. New Yoik:
John Wiley and Sons, Inc. London : Chapman
and Hall, Ltd. 1917. 7s. net.

" Essentials of Volumetric Analysis." An Introduction to

the Subject. Adapted to the Needs of Pharmaceutical
Chemistty. By Prof. Henry W. Schimpf. Third
Edition, Rewritten and Enlarged. New York : John
Wiley and Sons, Inc. London : Chapman and
Hall, Ltd. 1917. 7s. net.

Rontgen Society. — The Joint Meeting with the

Faraday Society lot the discussion on " The Application

of X rays to Engineering and Metallurgy," has been fixed

for April 29, 1929. The time and place of the meeting
will be announced in due course. It is hoped that

members of the Rontgen Society will find it convenient to

be present at the joint meeting.

LUHRESPUNDENCE.

NUCLEAR ATOMS.

To the Editor of the Chemical Nejvs.

Sir —The structural alteration of the atom described by
Ptjf. Soddy in the Chemical News ol March 7, 1919,
makes it possible tor hydrogen to have a nuclear pobuive
charge = 2 with one elcclron = i, so that the net nuclear
charge, representing unit atomic number, balances a
single electron in the outer shell. Pbysicists, however,
contemplate a single positive charge as the maximum
nuclear charge of the hydrogen atom ; but they ate
thereby faced with a dilemma. Either there are large
numbers of charges at an identical point forming the
nucleus of the heavier atoms, which many will agree is

absurd ; or the positive charges representing mass must
be numerically doubled to enable the mass units to be
stabilised symmetrically, as described in my " Chemistry
an Exact Mechanical Philosophy," published in 1900,
The fact that " P.pe's (?) benzene nucleus " with its

orlho , meta-, and /Sard-positions is anticipated in this woik
is evidence of a correct theory of the nature ol chemical
bonds.— I am, &c.,

Fred. G. Edwards.

MISCELLANEOUS.

Notice of Removal.—Messrs. Henry Faija and Co.,
of tnc Portland Cement Testing Works and Chemical
Laboratories, request us to announce that they have left

ihcir premises in Old Qaeen Street, and now carry on
business at 6. Earl Street, Westminster, S.W.
Royal Institution.—Next Thursday, April 3, at 3

O'clock, Prof. A. Findlay will deliver the first of a course
of two lectures at the Royal Institution on "Colloidal
Matter and its Properties." The Friday Evening Dis-
course on April 4 at 5.30 will be delivered by Prof.
Frederic Harrison on " History of the City of Constanti-
nople "

;
on April 11, Prof Sir J. J. Thomson, Professor

of Natural Philosophy, Royal Institution, on " Piezo
Electricity and its Arplication."

Motor Transport Amenities. — Sir Eric Geddes,
G C.B., G.B E., M.P., Ministei-Designate of the new
Ministry of Ways and Communications. Mr. Walter Long,
M.P., in his capacity as Miniiter in Charee of H M.
Petroleum Executive, and Mr. W. Joynson-Hicks, M.P.,
will be amongst the principal guests at the Annual
Luncheon of the Commercial Mutor Users Association
(Inc-) to be held at the Savoy Hotel on Wednesday,
April 2.

HEETiNi.S FOR THF. WtEK
MoND.w, 31st.—Royal Society of Arts, 4 30. (Cantor Lectures) •• Prob-

lems
' f Food and their connection with Our

Economic Policy," by Prof. H. E. Armstrong.
Tuesday, April ist.—Royal lostiiution. 3 " British E hnolog>—Th"

People of Scotland," by Prof. A Keith.
Ronlgen Society, 8.15. "Some Biological Eftects
produced by Small Quantities of Radium," by
Dr. W. S. Lazarus-Barlow.

Wednesday, 2nd.—Royal Society of A is, 4.30. "The Cultivation
and Preparation of Flax, ^nd the Linen Indus-
try," by W. -. Boase. C.B.E.

• Society of Public Analysts 8.
Thursday, 3rd.—R- yal Institution, 5 "Colloidal Matter and its

Pro erties," b- Prof. A. Findlay.
Royal Society, 4 30.
Chemical So- leiy, 8.

I-rciuAY, 4 h.—Rival I,-Mitui'On, 5 30 " History of ihe City ol Con-
staninople,' by Frederic Harrison.

S.\TURDAY, 5th.—Ro^al lnstiiuti"n, 3 "Spectrum Analysis and its

Applicaiiun 10 Atomic Structure," by Prof. Sir J. 1.

Thomson, O M.
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ESTIMATION OF CYANOGEN COMPOUNDS IN
CONCENTRATED AMMONIA LIQUOR.*

By PERCV E. SPIELMANN, Ph.D., B.Sc, F r C and
HE.NRY WOOD.

The methods of estimation of these substances in crude gas
liquor have been either worked out or te-examined most
carefully by Under, whose valuable results have been
published m various of the Alkali Inspector's Reports.
They are, however, not immediately suitable for employ-
ment in the examination of concentrated ammonia liquor
partly on account of the 'arge percentage of ammonia
present, but particularly on account of the occasional
smallness m quantity of one or other of the cyanogen
impuiiiies.

Determinations of considerable accuracy can be made
very simply by a colorimetric method (compare Young
Alkali Invpectot's 43rd Rep., 1906, p. 42), by employing
the Lovibond tintometer.
The substances to be estimated ate :—Ammonium

thiocyanate
: highest percentage met with 0-185 per cent,

average quantity about 006 per cent. Ammonium cyanide
("volatile cyanide") : highest percentage met with 0-024
per cent. Ammonium ferrocyanide : highest percentage
met with o 44 per cent, average quantity about o-i ntr
cent.

"^

The usual titration method for estimating thiocyanate
as cuprous thijcyanate is scarcely admissible in the present
connection, mainly on account of the end point being
somewhat troublesome {loc. cil., p 47) ; thus the per-
centage of ammonium thiocyanate found in two succes-
sive examinations in concentrated ammonia liquor was
0-0538 per cent and 00526 per cent, and in crude liquor
o 237 per cent and o 275 per cent.

Fcld's method for tstimatiiig cyanide can be employed,
but It 'S somewhat tedious ; and it is necessary to modify it—on account of the large quantity of ammonia present-
after adding to the liquid 50 cc. of concentrated lead
nitrate solution, by neutralising the remaining ammonia
by running in 2/N nitric acid, until a little lead hy-
droxide still remains undissolved. Distillation and titra-
tion are then proceeded with as usual.

Feld's method of estimating ferrocyanides

advised

10 cc. of the

is

following [roccdure is recommended
that details be closely adhered 10.

Estimation 0/ Ammontum Thiocyanate.
sample IS run into about 40 cc. of water and't"hri'iq"u'id"is
acidified with dilute sulphuric acid, shaking and cooling
being continuous all the time. Iron alum is added untO
the liquid becomes red in colour, and it is then warmed to
coagulate the precipitate. It is allowed to stand for half
an hour, and after filtering and washing the preciriiate
and cooling, 10 cc. of acid solution of iron alum (100 cc'
of saturated alum solution with 10 cc. of concentrated
nitric acid) is added, the volume is made up to 100 ccand the liquid examined in the tintometer.

'

If the depth of colour is too great, the liquid must be
di.uted by taking 50 cc, adding 10 cc. more of the acid
alum solution, and making up to 100 cc. If this fuither
addition of iron alum be not made, the dilute solution is
less than half as deep in colour as the stronger solution.

Esttmatioit of Ammonium Thiocyanate together jiiith
Ammontum Cyanide, after Conversion of the litter into
Thiocyanate.— \i ferrocyanide is absent, 10 cc. of the
sample is run into a little water, ammonium poly^ulphide
solution IS added until the liquid is dis net yellow, and
the mixture is diluted to 100 cc. The polvsulphide solu-
tion is made (Alkali Inspector's Rep., igo6, p. 47) by
diluting 200 cc. of o 8S0 ammonia to one lure, saturating
half of this with hydrogen sulphide, adding the other half
of the diluted ammonia solution, and then saturating with, , , , . , .

— „-.-.ating with
sulphur (which takes about a week). The liquid under
examination is then heated to boiling-point, whereby sll
ammonia is driven off, treated with iron alum
and examined in the tintometer.

,,,.,, = .. ^, though
applicable, is lengthy and cumbersome as compared with
Williams' elegant reaction with cuprous chloride [fourn
1912, 468).

"

The basis of this scheme of analysis which is being
advocated is the following :—

1. Conversion of the ammonium thiocyanate into ferric
thiocyanate and measurement of the depth of colour
obtained.

2. Interaction of a further quantity of the original
liquid with ammonium polysulphide, whereby the ammo-
nium cyanide originally present is converted into ammomum thiocyanate, and the estimation of the total
ammonium thiocyanate as ferric thiocyanate. The in-
creased quantity found over and above that found directly
(without polysulphide treatment) is a measure of the
quantity of cyanide originally present.
The presence of ferrocyanide compounds causes no

complication, as the conversion of any proportion of the
ferrocyanide into thiocyanate by the polysulphide solu-
tion can be avoided

Alter a considerable number of experiments and trials
on known mixtures and on commercial samrles, the

P.'h?,?/J°A"^
'"" ">=.>"'«''' 0/ the Society 0/ Chcmiccl Indmtry,

February aS, 1919, xxxvm., p. 43.
"

hetorcr,

.. ,
- The difference bttvveen

this reading and that obtained for thiocyanate alone
gives, by simple calculation, the percentage of cyanide in
the original sample.
During the boiling stage, the precipitated sulphur

occasionally becomes greenish. This . oes not indicate
that there is necessarily any appreciable quantity of ferro-
cyanide in the precipitate

; it may be due to a very small
trace of sulphide of iron.

Estimation of Ammonia Cyanide when Ferrocyanide is
present.—The removal of the ferrocyanide is earned out
as follows: 25 cc. of the sample is run into poly.^ulphide
solution which is to be kept in excess as judged by its
yellow colour. After standing for twenty minutes the
liquid IS acidified with dilute sulphuric acid, with con-
tinuous shaking and cooling (the latter precaution is im-
portant), and iron alum is added until the liquid becon es
reddish in colour. It is then warmed (not above 60° C )to coagulate the ferrocyanide precipitite

; this is helped
by the addiiion of a few crystals of sodium sulphate.
After standing for half an hour, the precipitate is filtered
off and washed as usual, and 50 cc. of acid iron alum is
added to the filtrate. If the volume of the latter is
about 500 cc. or more, a small addition of nitric acid is
advisable.

The different procedures recommended for the estima-
tion of thiocyanate and cyanide, when ferrocyanide is or
IS not absent, result from the necessity of avoidance of
heating when ferrocyanide and polysulphide (added or
original) are present together, or when cyanide may
react, undesired, with polysulphide. It would be per-
fectly feasible, however, to employ the method given for
the determination of cyanide when ferrocyanide is pre-
sent to a sample when the latter is absent, but the
procedure recommended is a quicker one.
Estimation of Ferrocyanide.—The precipitate obtained

during the estimation in the previous paragraph consists
of ferrocyanide and sulphur. This precipitate is treatid
according to the method given in the Alkali Inspector's
46th Report, igog, except that after decomposition by
sodium hydroxide, it is distilled according to Williams'
method.
The applicability of the method, and its limitations, are

shown by the following figures obtain jd from known
mixtures:—In 5 cc. of a solution of potassium fetro-
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cyanide containing 001840 grm. and 5 cc. of N/ioo

solution of ammonium tliiocyanate the amount of lerio-

cyanide found was 0-01842 gtm., whilst the same colour

was obtained as when 5 cc. of thiocyanate solution was
examined alone.

The behaviour of ferrocyanide towards polysulphide

solution was tested by preparing a solution of ammonium
ferrocyanide by precipitating a known quantity of potas-

sium ferrocyanide with excess of iron alum, treating the

washed precipitate with ammonia (jp. gr. o SSo), and con-

vetting into thiocyanate by boiling with polysulphide

solution. The experiments showed that when ferrocyanide

is present in only a very small quantity, the whole of it

may be converted by the " hot method " into ammonium
thiocyanate, making the cyanide figure too high ; when,

howtver, the ferrocyanide is present in a quantity above

o-ooi per cent, an indefinite portion is converted, ren-

dering results incapable of interpretation. The whole

trouble may be avoided by us-ing the " cold method."

Here the authors are in disagreement with Linder, who
advocates (Alkali Inspector's 54th Rep., 1917. p. 25)

boiling off the exress of volatile ammonium compounds
from the mixture after reaction in the cold ; their general

experience of the reaction may be exemplified by the

following figures obtained with a commercial sample:—
Ferrocyanide, 006S2 per cent ; cyanide, absent ; thio-

cyanate, running into boiling water (Lindet's method),

0180 per cent : boiling down, as usual, o 180 per cent;

by "cold method," 0-178 per cent; polysulphide, and

boiling down (Lindet's latest method), 0-300 per cent.

Without going lurthet into the subject, it is of value to

remember that the ferrocyanide precipitate appears to

vary greatly in commercial samples of concentrated

ammonia liquor, both in the ease or obstinacy of its

appearance and formation, and in the velocity of its

decomposition by sodium hydroxide.

Two artificial mixtures were made up and examined with

the following results :
—

No. I.

Taken. Found.

Ammonia 0880 .... 70 cc. 19-35 p. c.

HjS passed in .... — 1-25 p. c.

Ammonium thiocyanate

solution iocc.= 0-076 p. c. 0-076 p. c.

Hydrocyanic acid (as

KCN) iocc.= 00151P.C. 00164P.C.
Ammonium ferrocya-

nide solution .. .. iocc.= o-o284p.c. 002S4P.C.
Water - —

No. 2.

Taken. Found.

Ammonia o-8So .. .. 50CC. 14-25 p. c.

H2S passed in .... — 0-248 p. c.

Ammonium thiocyanate

solution iocc.= 0-076 p. c. 0-074 p. c.

Hydrocyanic acid (as

KCN) I cc. =0-00151 p. c. 0-00141 p. c.

Ammonium ferrocya-

nide solution .. .. 5cc.= 0-0076 p. c. 0-0076 p. c.

Water 34 cc- —

The small discrepancies between the qauntities taken

and found are within the limits of accuracy of the

method.
Eslimalion of Poly stdphide,— Lindet has described

(Alkali Inspector's 54ih Rep., 1917) how polysulphide in a

sample of concentrated ammonia liquor can be estimated

by its reaction with excess of cyanide to form an equiva-

lent quantity of thiocyanate. This can obviously be

determined by means of the tintometer, when the proce-

dure would be the following : (i) Determination ol thio-

cyanate as such ; (2) Addition of excess of cyanide

solution and boiling as described above. In this case

reaction of existing cyanide and ferrocyanide is of no

consequence, as the final result is the conversion of poly-

sulphide into thiocyanate. The difTeience between the

two results is the measure of polysulphide in terms of

thiocyanate.

Mode of Employment 0/ Tintometer.

In the usual practice of colotimetric methods it is cus-

tomary to compare the colour obtained experimentally

with that given by a known strength of the substance
which is being estimated, and this usually entails making
up at least one fresh standard for each experiment or batch
of experiments.

Wnen a tintometer is available and a considerable

number of samples have to be examined, it is economical
in time and trouble to measure once for all the depth of

colours of known mixtures of various strengths and to

record them on squared paper, so that any subsequent
colour can be compared with the graph so constructed.

In the present case the authors had a Lovibond tintometer

in use, and this was found to be a very suitable instrument
for the purpose.

The instrument was set up pointing to the interior of a

box blackened on the inside, with a strip of truly white

paper opposite the e d of the instrument. Extraneous
light was excluded from the front opening by a curtain

of black velvet. Inside, a half-watt lamp was used as a

source of illumination, screened with three thicknesses of

truly white tissue paper in order to temper the light to a

suitable intensity.

Measurements of depth of colour are made by matching
the tint 0! the liquid with red and yellow glasses, but as a
considerable latitude was found to be associated with the

yellow colour, the strength of thiocyanate is best plotted

against the red colour units only.

In making up the standard colours the following quan-
tities of ammonium thiocyanate were taken, treated with

acid iron alum and diluted to too cc. i cc. of N/io
ammonium thiocyanate contains 0-0076 pet cent of the

salt. Suitable quantities were diluted and measured in

three cells, giving three different thicknesses of liquid.

Cells.
.\mmonium thiocyanate.

Per cent wi./vol. Red units

i in- 1

0-0019
0-0076

00300

I '3
4-6

13-65

i in.

o-ooig
0-0038
0-0076

4-6

7-6

11-9

. in. 1

0-0019
0-0038

76
13-0

It was found that above 12 or 13 units the colour was
so deep that matching became uncertain. If colours re-

quiring stronger glasses than those given are obtained they
must either be measured in the cell of less thickness or

further diluted (see ante).

It was found that under the conditions of testing the

known solutions, the limit of sensitiveness o( the eye was
0-15 red unit in the h" and in the J" cell, which is equiva-

lent to 0-OOC2I per cent ammonium thiocyanate and
0-00007 per cent hydrocyanic acid. Therefore the figures

found are as close as is possible.

The source of light was standardised on a solution of

potassium bichromate, saturated at 20° C, in order that

the present work and all other work with colours of the

same order can be referred to a definite standard.

Source of
illumination. Cell.

Intrinsic brightness
Red Vcllow above standard
units. units. (not afTt:cting

depth of colour).

i-Watt-lamp (a) i in. 58 16-5

h in. 10-8 340

o 01

002

Daylight. J in. 80 380 —
Jin. 13-25 380 —

(a) Two different lamps were tested and found to be alike,
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The following points in connection with the tintometer
,

reading should be noticed :—Increased thickness of tissue

paper lor tempering the source of light increases the
amount of standard yellow for matching the experimental
liquid. A lamp with frosted glass is preferable to a plain

glass bulb shielded with tissue paper. If the liquid is

intrinsically brighter than the colour glasses neutral tint

should be added, after v/hicb matching of colour is more
reliable.

We take pleasure in acknowledging the courteous
manner in which the experience of the Tintometer,
Limited, has been placed at our disposal.

Discussion.

Dr. H. G. CoLMAN said that his experience with
colorimetiic methods for thiocyanate had not been sstis-

factory, testing with solutions containing known amounts
of thiocyanate, but he had not tried the method using the

tintometer, which might be more accurate. He asked the
author whether with liquids such as these, containing
phenols, the pink colour resulting from the action of the
ferric salt on these did not interfere with the test, and
whether phenols were added in testing the check solutions.

He also asked if hydrogen sulphide was present in the
check tests given for cyanide, as he and Yeoman bad
always obtained low results in its presence, although
in its absence the results were satisfactory.

Dr. Spielmann, in reply, stated that it had been sub-
stantiated b/ direct experiment that the colour given by
even i per cent of phenol and the subsequent addition of

a little cresol bad no appreciable detrimental eliect on the

method of analysis. In regard to the presence of hydro-
gen sulphide when making check tests it would be seen
from the two examples given in the paper that this was
present in both cases.

PHYSICAL CHEMISTRY AND ITS BEARING
ON THE CHE.MICAL AND ALLIED INDUSTRIES.'

liy Prof. JAMES C. PHILIP, O.B.E., M.A., Ph.D., D.Sc.

Thl field of physical chemistry, although now fully

recognised as an integral part of chemical knowledge, has
sometimes been regarded as lying entirely apart from that

of industrial activity. This is a complete misconception,
for while the influence of physical chemistry on the con-

duct of technical processes in the chemical and allied in-

dustries is, no doubt, indirect in the majority of cases, it

is none the less real and extensive. Physical chemistry is

concerned mainly with general underlying principles, but
its development has contributed in a notabie degree to

the further advancement of chemical knowledge Irom the

purely descriptive to the rational and quantitative stage.

Tnis is abundantly evident in the recent history of in-

organic chemistry. Important reactions between well-

known substances, reactions which twenty or thirty years
ago were well understood in a general way, have been ex-

plored afresh in the light of physico-chemical principles,

and an enormous amount of valuable quantitative data
has been accumulated in this renascence of inorganic
chemistry.

In the chemical and allied industries, as elsewhere, one
main element in progress and development is the gradual
substitution of quantitative knowledge for qualitative, and
the displacement of rule-of-thumb, haphazard methods by
those which are based on scientific principles, and there-

fore permit intelligent control. In the advance so far

made along these lines physical chemistry has pUyed no
small part, and it is the object of these lectures to emphasise

' Canton Lecture (I.). Delivered before the Royal Society of .\rt3,

Decembers, igiS. From ihi Promiiiigi af'.hi Rayul Saaetyof Am,
Ixvii., No. 3450.

and illustrate some of the physico-chemical principles
which have a definite bearing on industrial processes.
One of the main directions in which physical chemistry

has led to a clearer perception of the optimum conditions
and the working limits of technical operations is in con-
nection with chemical equilibrium. Up till a compara-
tively recent time the best known chemical reactions were
of the type which may be described as "complete" in

the sense that the change proceeds until one at least of the
necessary reacting compounds has been used up and has
disappeared. Tnis, perhaps, is not surprising, for the
object of analytical chemistry—one of the prominent
practical branches of the science—is to discover precisely
those reactions which ate complete, involving the quanti-
tative conversion of some one substance into another. It

is on the quantitative character of the change that the
possibility of accurate analysis depends.

Physical chemists, however, have directed attention
specially to those numerous reactions which may be
described as " incomplete," in that the change stops short
of the entire disappearance of any one of the reacting sub-
stances, and all the parties to the reaction are represented
in the mixture finally obtained. A stj'e of balance or
equilibrium between the various substances concerned is

established, and the reaction is accordingly termed an
" equilibrium " or " balanced " reaction. In such cases it

is iurther found that if the reaction products, or the
" resultants," as they may be called, are brought together,
they also interact to produce the original substances. The
reaction, that is, may proceed in either direction, according
to the relative proportions of the co.Tipounds concerned, and
it may therefore be fairly d^cribed as a "reversible " re-

action. It is customary to indicate the existence of this
reversibility in any particular case by the use of a
double arrow instead of the sign of equality, thus

:

A-i-B ^C-i-D.
The further question now arises as to the factors which

determine the position of the equilibrium in a reversible
reaction, and to this question physical chemistry can
supply a quantitative answer. Suppose, for instance, that
the substances A, B, C, and D in the foregoing reaction
are gases. Then, in accordance with the kinetic concep-
tion of the gaseous state, one must picture the molecules
in a mixture of the four substances as in a constant state
of motion, continually colliding with one another and
impinging on the walls of the containiug vessel.

Now chemical action between A and B will be possible
only when a molecule of A collides with a molecule of B,
and the protrress of the change denoted by the upper
arrow will depend on the number of these collisions

occurring per unit of time— j.«., on their frequency. The
frequency of collision, on the other hand, will be pro-
portional to the numbers oi the molecules of the substances
A and B which are present in unit volume— i.e., to their

concentrations. Hence, if the change is resolved into two
component opposed reactions A-fB —^ C-i-D and
C-f D —> A-(-B, and if Vi denotes the velocity of the
former reaction and fj that of the second, then vi = kiab,
and V2 = kzcd, where a, b, c, d are the concentrations of
the four molecular species A, B, C, and D at the moment
considered, and hi, kz are proportionality factors. These
formulae are the algebraic expression of the law of mass
action. ^
For an observer it is not possible to isolate and follow

the separate component velocities ; be can determine only
the net velocity of the total change

—

i.e., Vi — vz- As the
reaction approaches its position of equiliorium, Vi — Vz be-
comes smaller and smaller, and, finally, when equilibrium
is established, :)i -z/i = o. This does not mean that the
reaction mixture is in a condition of stagnation, that all

collisions and interchanges have ceased ; it means only
that there is as much change in the one direction as in the

other.

At equilibrium, then, vi = Vz or kiab = kzcd, a, b, c,and d
being now the concentrations of A, B, C, and D in the

equilibrium mixture. This equation may be wiitten
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Ai/Aj -cd/ud, or, since the caiio ol iwo constants is itself

a constant, K = — . This quantity K is termed the
(16

" iquilibcium constant " of the reaction, and its numerical
vaiuc defines the position of equilibrium lor A+ B^niC + D
at the tcmpeiaturc considered. This argument may be
generalised, and the law ol mass action leads to the con
ciusion thai, however the individual concentration values

Y
may vary,— = const, at any g.ven temperature, where

X
X is the proauct of the equilibrium concentrations of the

substances on the letthand side of the equation, and Y is

the pioduct of the equilibrium concentrations of the sub-

stances on the tight-hand side.

Tnese considerations may be applied in the first case to

ibe well-known and technically important equilibiium

between sulphur dioxide, oxygen, and sulphur dioxide.

This may be represented as aSOj+ Oi "2 2SO3. and is

the reaction utilised in the large scale production of sul-

phuric acid by the so-called contact process. It has long

been known that sulphur dioxde and oxygen, if passed

together over heated platinum, combine to a large extent

to Icrm sulphur tiiuxide, and, indeed, an English patent

for such a process was taken out in 1831. Many decades
passed, however, before the process was satisfactorily

established on the m nufacturing scale, the delay being

mainly due to difficulties experienced in purifying the

sulphur dijxide and in keeping the platinum in full

activity as an accelerator of the change.

In the last few yeais this contact process for the manu
facturc of sulphuric acid, pre'viously exploited mainly in

Gitmany, has undergone a rapid development in this

c.iuntry, and large quantities of "oleum." essential for the

production of explosives, have been turned out. Su phuric

acid, however, is in large demand also in the times ol

peace, and it may be hoped that the various contact plants

laid down under the pressure of war conditions will have

a role to play when things ate normal once again.

The possibilities and limitations of the contact process

for sulphuric acid production cannot be thoroughly

appreciated except on the basis of the principles ol

chemical equilibrium. These principles make it possible

to formulate definitely the extent to which the equilibrium

will be affected by varying the quantities of the reacting

substances, and by altering the pressure and the

temperature.

In the first place the law of mass action may be applied,

on the lines aheady indicated, to the reversible reaction,

2502 + O2 J^ 2SO3, or, as it may be written alternatively,

2503 ^_ 2SO2+ O2. It csos, Csoi< and C02 represent the

concentrations of sulphur trioxide, sulphur dioxide, and

oxygen at the point of equilibrium, then
S02

c

02

S03

K, the

value of which should be constant at a given temperature,

irresiective of variations in the relative quantities of

sulphur di.jxide and oxygen initially used.

The validity of the foregoing nMss action formula has

been strikingly verified by an investigation in which mix-

tures of sulphur dioxide, oxygen, and nitrogen in varying

proportions were passed through heated quartz vessels

containing spongy platinum. The rate of flow was
regulated so that the gases were long enough in contact

with the hot platinum to attain the condition of equilibrium,

and the values ol fsos- f b02. Coj. the equilibrium concentra-

tions, were deduced from a chemical analysis of the

issuing gas mixture. Some results obtained at 727° may
be quoted in order to show how closely the mass action

formula represents the actcal composition of the equili-

brium mixture. In the following table, which embodies

these results, the first three columns state the relative pro-

portions of the gases (sulphur dioxide, oxygen, and, in
some cases, nitrogen) present in the initial mixture em-

ployed in each experiment : 2SO3 ^^ 2S02 + 02at 727°.

Initial Gas Ratio.

SO-. Oi. No. Kxto
021
62

1 20

— 3-49

359
348

1-68

397
1-23

1-31

I 55

376
376
376

0-51

367
3 60

354
352

Mean .. i-ss

As shown clearly by these hgurcs the value of K is in-
dependent (i) of the relative proportions of sulphur
dioxide and oxygen in the initial gas mixture, and (2) of
the presence or absence of nitrogen. In the course ol the
experiments it was further shown that the value of K
obtained with a particular gas mixture was independent of
the direction in which the equilibrium point was reached,
and of the rate at which the gas was passed. It appears
therefore that the mean value of K above may fairly be
taken as a quantitative expression of the relation which at
727° exists between the equilibrium concentrations of the
vaiious substances concerned in the reaction.
When similar investigations are made at a series of dif-

ferent temperatures the values of K ate found to exhibit a
regular increase with nse of temperature, and thus form a
record ot the way in which the equilibiium shifts as the
temperature conditions alter. The following table em-
bodies the results of such experiments carried out at
various points between 528° and 897^ C. :

—

2SO3^ 2SOJ + O2 at Different Temperatures.

Temp. C.

528-

579°
627^
680°

727°
789-^

832°

897°

If it is borne in mind that K

K >: 103.

o 015

0077
032
l'I2

3 55
12-6

280
81 6

SOi C03
the increase

of K revealed by the foregoing figures plainly means that
with rising temperature the equilibrium is shifted more and
more in favour of the system 2S02-f O2 ; i.e., the dis-
sociation of sulphur trioxide steadily increases.

From the values of K just tabulated it is easy to trace a
graph representing the relation between K and the tem-
perature, and from this to read off the value of the equili-
brium constant at any desired point, such as 500° or 600°.
The numerical value of K at this point being known it is

then possible to calculate for any initial mixture of sulphur
dicxide, ojygen, and nitrogen, what will be the composi-
tion of the equilibrium mixture; that is, to evaluate the
mixture quantity—the " yield "— of sulphur trioxide obtain-
able under the given conditions. A series of such figures
(see following table) shows clearly what are the optimum
conditions—so far as the influence of temperature on yield
IS concerned—for the production of sulphuric acid by the
contact process ;

—
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Percentage Composition 0/ the Initial Gaseous Mixture.

SOo. Oj. N.,

lo'i 5'05 84'85

70 100 83'0

4-0
2-0

100
I4'6

180
81-4

800

Percentage Conversion uf Sulphur Dioxide to Trioxide at—
400^.

96'2

993
99"4

99'5

500*.

832
93 '4

949
95 6

600'.

59 I

73'3
7S3
So 5

31 9
42 5
481
513

Tbe figufus just piesented furnibb the nialenal lor

testing an interesting deduction that may be drawn from
tbe equilibrium formula. It this is written in tbe form

—

C c

I

K
1^02 or

SO5 _ I

'• v'kT
. VC02<

it is plain that the proportion of irioxide to dioxide in the

tquilibrium mixture, at a given temperature, is propor-

tional to the square toot of the oxygen concentration, and
will therefore lise as the latter is increased. This con-

clusion is confirmed by the figures in the table, for it is

seen that, as the percentage of oxygen in tbe initial mix-

ture increases relatively to that of tbe sulphur dioxide, tbe

percentage conversion goes up.

(To be coDtiDued).

THE PERMANENT MARKING
VESSELS.

By JOSEPH C. BOCK.

OF GLASS

It is very often desirable and frequently necessary for the

chemist to mark glass vessels permanently. This is usually

done by means of a diamond or hydrofljoric acid. While
the latter procedure gives good results if done caielully, it

is a rather troublesome and lengthy piocess. The use ot

the diamond requires considerable practice in order to

produce good markings, besides it is not always advisable

to use it. A preparation called Diamond Ink, usually a

mixture of ammonium fluoride, hydrofluoric acid, and
barium sulphate, produces permanent maiks and is easily

applied. It is, however, difficult to obtain sharply defined

markings with this method ; furthermore the writing is not

cleaily visible if tbe sutlace becomes wet.

The present note proposes the use of glass colour fused

in the glass by means of an ordinary burner. In glass

painting, the glass colours, mostly mixtures of low fusing

silicates and metallic oxides, are mixed with some vehicle

and applied to the glass. They ate then " fired " in a kiln

at a temperature not exceeding 590° C. (Seger cone 022).

This procedure is, of course, not applicable as such to

ordinary laboratory conditions.

As the " firing " in the present method is done by means
of a burner, many of tbe glass colours could nut be used,

because they undergo chemical changes when exposed to

the flame.

In order to apply to the colours they are intinately

mixed with a vehicle (made up of four parts copaiba

balsam, one part clove oil, one part lavender oil). (The

colours used are obtainable from the Roessler and

Hasslachet Chem. Co., Ceramic Dcpt., Perth Amboy,
N.J.— N. Y. Office, 100 Williams Street. The oil can

undoubtedly also be obtained there. Many stores handling

colours for china painting will have these materials on

band). Tbe colours which have been found most suitable

kte—Gteen 728 D, Blue 1079 D, and a mixture of Brown

695 D, and White Enamel 1310 D. (Numbers refer to

Roessler and Hasslacher products). The Brown alone
can only be used on bard glass or porcelain where higher
temperatures can be applied.

The actual procedure is herewith described—The glass
colour (use ©reen 728 D) in powdered form is mixed with
just enough of the oil, so it will still run from a pen.
(Mixing can be done on a glass plate with a small spatula.
Where a small amount of work is contemplated the inden-
tations of an indicator tile have been found useful). A
so-called crow-quill (steel) pen is recommended, a fine

brush is also very good, but more difficult to handle. The
desired markings are made on the clean glass surface.

The marked article is then warmed evenly over a tiame to

dry the oil and also to prevent cracking in the final heating.
The place were the marking has been made is now heated
by holding against the side of the flame of a burner, the
flame touching the marking on a tangent, the article being
rotated part of a circle. (A Meker burner has been found
best. The atlide should best be held neat the base of the
flame). Djcing this heating the mark is watched care-
fully. The colour will first turn black through the car-

bonisation of tbe oils, then it will begin to glow a dull

ted. At this point the article is removed, allowed to cool

a little and reheated until the markings, not tbe glas>,

again begin to glow.
The marking so obtained presents a smooth, shiny sur-

face. It cannot be removed by mechanical or the usual
chemical means. We consider the marking successful,

when it cannot be removed mechanically (scratching or

scouringi, altera twenty-four-hour immersion in"cleani.ng
mixture."
The paint should be mixed as thick as practicable. The

heating must be done carefully to avoid caving in or other
distortions of the vessel. If porcelain crucibles are to be
marked the colour is applied as indicated above, the
vessel is then heated in the usual way on a triangle over a
free flame.

It may be of interest to mention same of the uses to

which this procedure has been put. We have graduated
test-tubes for special work, f>.e., for Benedict's colori-

melric sugar method (125 cc. and 25 cc.) or graduated
test-tubes to replace small graduated cylinders. Pipettes

were graduated in the laboratory. Kjeldahl flasks may be
marked to indicate the maximum volume to which tbcy
may be filled (students use). Beakers were graduated in

50 cc. or 100 cc. intervals. It is also advantageous to

graduate distilling flasks roughly, to know the approximate
liquid contents in the course of evaporation. Tbe pro-

posed procedure is especially valuable in the last men-
tioned instances, because any deep etching or engraving
weakens tbe vessel.

The most difficult problem is the marking of microscope
slides. Their heating requires great care and considerable

experience in order to avoid an undue amount of breakage.
They must be heated over, not on the side of a burner,

the marked side towards the flame. It is our opinion that

a mufHe should be used where a large amount of slides

are to be marked, using a strip of zinc (m. p. 412^ C.) and
a Seger cone 022, to indicate the temperature limits.

Since a muffle furnace was not available we were unable

to carry out this experiment. Tbe marked slides, after

being thoroughly dried, may be sent to some shop where
glass firing is done and finished there for a nominal charge.

(A semipermanent marking medium can be obtained by
mixinga pigment—lead oxide, lampblack, &c.—witha good
spar varnish, Canada balsam or collodion varnish—banana
liquid. It will resist the ordinary cleaning and has been
found Useful for making stock bottles and similar con-

tainers).

[Note.—This method of marking vessels has been in

use for many years at Sir William Crookes's laboratory

for marking small porcelain crucibles and the quartz vessels

used in fractional crystallisation ot radio-active com-
pounds. Enamel paints of various colours can be pur-

chased at any good artist's colour shop, and it only needs
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to be applied wilh a pen or a fine brush ; the vessel is then

heated to dull redness over a Bunsen or in a small muli):,

and the mark becomes indelible].

—

Journal oj the Ameri-
can Chemical Society, xli., No. 3.

THE USE OF OKTHOTOLIDINE AS A
COLORIMETRIC TEST FOR GOLD.'

By W. B. POLL.-iRD,
GoverDmeat Aaalytical Laboiatory, Cairo.

Ortho-tolidine dissolved in dilute acetic acid was sug-

gested by E. B. Phelps (Bulletin No. i, Ohio State Board
ot Health, January, 1913) as a delicate colour test foi free

chlorine in water. This test was modified by J. W. Ellnis

andS. J. HiMsei (Analyst, 1914, xxx x
, 454), who showed

that a hydrochloric acid solution of otiho-tolidine was
belter adapted for the purpose. Their reagent was pre-

pared by dissolving i grm. of orlbo-tolidine in a litre of

10 per cent hydrochloric acid-

Tbis reagent in its modified form has now been found
to be a delicate test for auricbloric acid. A solution ol

I part of gold in a mill un parts of water gave a bright

yellow colour on addition i cc. of the reagent. With a

solution containing i part of gold in 20 million parts of

water the yellow colour can just b: detected in a depth of

10 cms. of liquid.

EUms and Hauser found that in the case of dilute solu-

tions containing free chlorine the colour took about three

minutes to fuily develop, and was iben permanent for

about hall an hour, after which it slowly faded. This

was also found to be the case with autichljric acid.

In making the test large anicunts ol strong mineral

Bcid should not be present as the reaction becomes less

delicate.

The following metals, when present as chlorides in a

dilute hydrochloric acid solution, were found to give no
reaction with ortho-tolidine : —Al, Sb(ic), Ba, Bi, Cd, Ca,

Cr, Co, Cu, Ir, Po, Mg, Hg, Mn(ous), Ni, Ft, K, Rh, Na,
Sr, Sn(ic), U, and Zn.

In a second paper Eilms and Hauser point out that iron

in the ferric condition also reacts with ottho-tolidine. The
author found that in the case of ruthenium a yellow

colour was also formed. Osmic acid gives a yellow

colour, but this changes to green on standing. Vana-
dates acidified with dilute hydrochloric acid eive a

reaction. Mulybdates acidified with liydiocblotic acid do
not react.

Sodium tungstate acidified with dilute hydrochloric acid

gives a precipitate on addition of crtbo-tolidine, but no
yellow colour develops.

In preparing standard chlorine solutions Ellms and
Hauser found that it was necessary to employ specially

purified distilled water. This was not found to be so

necessary in the case ol gold solutions. The more dilute

gold solutions should, however, only be prepared when
required, and should contain a small amount of tree bydro-

cbljilc acid.

In testing solutions which have been obtained by the

use ol aqua regia, t-pecial care should be taktn to guard

against the possible presence of free chlorine or ol nitrous

acid. The latter not only reduces gold solutions but gives

B yellow colour with ortho-tolidine. Any reagents used

should always be tested for reducing impurities; thus, on
one occasion a sample of " pure " ammonium chloride

completely reduced a weak gold solution.

In presence of much copper a green colour is obtained

instead of a pure yellow ; cclorimetric comparison can,

however, still be made if the standard gold solution is

tinted with copper to a similar exlenl. —Aiulyst, xliv.,

No. 516.

* Read at the raectiag of Ibc Ssiiely of Tcblk Analy^tb,

February 5, 19 9.

PRODUCTION OF
THE

NITROGEN COMPOUNDS.
By JACK P. MONTGOMERY, Deparlirent Chemistry

and Lhemicai Eugmeering, Dnivcibity of Alabama.

It is the purpose of this paper to review the sources of
nitrogen compounds, and the processes ol utilising them,
wbicD ate being employed to successfully meet, and in

many directions moie than meet, the unavoidable waste
of nitrogenous material.

The most important of the compounds of nitrogen by
the production of which the nitrogen equilibrium may
be restored ate nitrogenous organic compounds produced
in agriculture, ammonia and ammonium salts, nitric acid,
nitrates, and CMdes of nitrogen. The sources from
which these compounds may be derived are the sodium
nitrate deposits of Chile, bituminous coal, various by-
products of food production such as cotton seed meal
and the "tankage" from packing bouses, and, ol late,

atmospheric nitrogen.

The production of nitrogenous organic compounds in

agriculture depends upon tbe use of a fertilising material
containing available nitrogen, or compounds which may
become available in tbe soil, or upon the direct utilisation

of the nitrogen of the atmosphere in the growth of the
plant. The use of seed meals and of tankage as fertilisers

IS becoming less each year as these materials are being
used more and more as feed stuffs. This makes it in-

creasingly necessary that such nitrogenous mateiials as
ammonium salts and nitrates be used, or that atmos-
pheric nitrogen be made available. Tbe direct utilisa-

tion of atmospheric nitrogen by plants or other living

organisms appears to be possible only in the symbiosis of
Certain bacteria upon the roots of leguminous plants. The
bacteria ate able to convert the atmospheric nitrogen into
compounds available for themselves and to store up in

nodules upon the roots of tbe peas, beans, clover, or vetch
reserve supplies of nitrogenous materials more tham ample
for the growing needs ol the plant. These nodules re-

maining in the soil undergo the same kind of change as
would other organic nitrogenous matter, and are trans-

formed into ammonium salts or nitrates which may be
utilised by following crops. This is tbe oldest and by far

tbe most important 0! the methods for the fixation of

atmospheric nitrogen. Obviously no figures are obtain-

able, but it is easily conceivable that under proper
agricultural control this one method is capable of making
good all the nitrogen waste which is normal to times of

peace. The chief objection to this natural method for the

fixation of nitrogen is that it requires time. The artificial

methods for tbe fixation of atmospheric nitrogen into

ammonia and nitric acid or ammonium salts and nitrates

appeal more to tbe imaginaiion and have of late received
more attention, but we will do well not to forget this very
important agricultural method.
There are two well-defined processes fot making

ammonia from atmospheric nitrogen, the synthetic ot
direct process, and tbe cyanamide or indirect process.
Many attempts had been made to directly combine nitrogen
and hydrogen, by sparking a tnixture ot the two gases, by
heating with a catalyst, and so on, before the present
synthetic process was developed by Habcr and his

associates. Tbe success of the Haber process is due to

great technical development accompanied by close atten-

tion to theoretical considerations.

Nernst made an exhaustive study of tbe equilibrium
conditions in tbe system—

N.-i-3Hj^ 2NH3,

and found that a higher pressure results in a greater

ammonia concentration, and that certain catalytic agents
favoured the forward action. Haber, by a careful

d:;velopment of the work of Nernst, found the most favour-

C\i.iiic4i EK^incit, xx\'li.. No. 2.
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able temperature and pressure conditions, and used, at

first, osmium as a catalyst. Tais process was developed
in Germany by the Bjdische Anilin und Sjda Fabnk, a
corporation which was highly subsidised by the Govern-
ment. As far as has been revealed this process is known
to take place in a cylindrical rerction chamber surrounded
by an electrical heating resistance. The catalyst used
now is probably a cheaper one than os.^liuln. This is put
into the reaction chamber, which is maintained at a tem-
perature of 500" C. Nitrogen, obtained by the fractional

distillation ot liquid air, and hydrogen, made by the action

of steam on iron at 300° C, are mixed in the propor-
tion of one volume of the former to three of the latter,

compressed to 200 or 225 atmospheres, and passed
through the reaction cylinder. About 8 per cent of the

materials present are converted into ammonia. This must
be constantly removed or the reaction will come to a halt

by the establishment of equilibrium in the system

—

N.-t-3Hj^2NHz.

The ammonia is removed by passing the mixed gases
through a condenser where the ammonia is liquefied

and removed, the remaining nitrogen and hydrogen being
continually worked over with fresh supplies added from
time to time.

The development of this process is believed to have a
very great beating upon Germany's ability to supply
herself with munitions of war. Ammonia made by this

process is converted into nitric oxide and nitrogen per

oxide, by a process to be described presently, and these in

turn are made into nitric acid and nitrates.

A synthetic process developed by the General Chemical
Company, a process believed to be a modification of the

Habet process, will be used at the Nitrate Plant No. i at

Muscle Shoais. In this plant a part of the ammonia will

be oxidised to nitric acid, and the remainder will be com-
bined with the acid in the formation of ammonium nitrate.

While this is as yet an experimental plant, it is expected
that the production will be large and that other plants of

the same kind will be established at other points. Al-

though this is a "war plant," it is expected that the pro-

duct will be available for use as fertilising material. This
process is expected to furnish ammonium nitrate at a

lower cost than is possible with any other process, and we
are awaiting the outcome of the experiment with great

interest.

Indirect Method First Tried.

While the Haber process is of great theoretical and
practical interest it must be remembered that the indirect

or cyanamide process was the pioneer method for making
ammonia from atmospheric nitrogen. Frank and Caro
sought to make cyanide for gold extraction, obtaining the

nitrogen from the air. Although not directly succeeding
in this, they worked out a process the main feature of

which was a method of fixing atmospheric nitrogen in a

compound, calcium cyanamide, which in turn can be used
in the manufacture of ammonia. In the cyanamide
method calcium carbide, with the manufacture of which
you are familiar, is treated in an electric oven with
atmospheric nitrogen. About three-quarters of a ton of

carbide is treated per oven, and the reaction is started by
using the oven as a sort of resistance furnace, the charge
of carbide being employed as the core offering resistance to

the current. After a temperature of about looo" C. is

reached the reaction, being exothermic, proceeds to com-
pletion according to the equation

—

CaCj-f N2 -^ CaCNj-fC.

After cooling, the cyanamide charge is crushed and any
residual carbide is removed by careful hydration. The
ammonia is then produced by treatment with steam in an
autoclave. About four tons of cyanamide are charged into

the autoclave containing a dilute caustic soda solution.

Steam is admitted to the autoclave, and a pressure of 200

to 250 pounds maintained for some hours. The steam
and cyanamide react according to the equation

—

CaCN2-f3H2O -> CaCOs-f-zNHj.

When the autoclave valves are opened the escaping gas
is about one-fourth ammonia ana three-fourths steam.
Toe mixed gases ate passed into condensers and the water
and ammonia separated. The nitrogen for this process,
as for the synthetic process, is made by the fractional dis-
tillation of liquid air.

The Nitrate Plant No. 2 at Muscle Shoals, just been
completed by the Air Nitrates Corporation, will employ
this process. This plant consists of a series of factories
for the manufacture of lime, carbide, liquid air, cyanamite,
ammonia, and nitric acid, the latter being made by the
oxidation of the ammonia. The building of this immense
fixation plant has challenged the attention of the whole
country because of the rapidity of the construction of such
an excellent and complete series of factories, any one of
which would reflect great credit upon those undertaking
such a task. While this plant is a monument to American
efficiency in engineering, it remains to be seen whether
or not, with the country on a peace tsis, it will be re-

quired or whether it can be made to pay. It should be
said, however, that this is by no means an experimental
plant. Every process has been well tried out, and its

success or failure will depend entirely upon economic con-
ditions of cost of materials and labour and selling price of
the product. This plant will have a rated capacity of
2,000,000 pounds of nitric acid per day. The only
question is, can we in piping times of peace use all of it ?

Ammonia produced by these methods is usually spoken
ot as being an artificial nitrogen product as distinguished
from the ammonia from the "natural" source, coal.
Until a year or two ago, when the artificial methods
of producing ammonia overtook it, the production of
ammonia and ammonium salts in connection with the
by-product distillation of coal was the most important
source ot nitrogen with the exception of the sodium nitrate
from Chile, which was, and still is, the most important
source. During the period from 1914 to November, 1918,
60 far as obtainable figures show, the production of by-
product and gasworks ammonia increased only i6per cent.
Of this increase Germany is to be credited with the greatest
contribution. The relatively small increase in America
and the lack of any increase at all in Great Britain was no
doubt due to the fact that a by-product coal distilling plant
requires such a considerable e.vpenditure of capital and
such an outlay of stiuctural material that developments
along this line were not to be undertaken during the war.
But the potentialities of ammonia from this natural source
are very great. At present comparatively little of our
American coke is being produced in by-product ovens. As
more and more of the beehive ovens are replaced by the
by-product plants this source of ammonia will attain
greater relative ptominencs because of its cheapness. By-
product distillation of coal is, as an industry in this

country, still in its infancy, and even though we marvel at
the present feats of our engineers in that line, another
decade will see these very wonders eclipsed. With the
great development along this line which is bound to come,
stimulated, we trust, by the lusty growth of the American
dye industry, we may expect to see coal rank as a highly im-
portant source of nitrogen and outstrip in pounds produced
not only ammonia by fixation but the nitric acid from
sodium nitrate.

Even now it appears to some of us that if the same
amount of constructive energy had been directed to the
development of by-product coke plants in this country as
has been devoted to the development of fixations plants
we would be farther along the road of preparedness. We
could have gone just as far in solving our nitrogen pro-
blems and would at the same time have saved much
valuable materia! that has gone to waste in the beehive
ovens. We might have learned a great deal by paying
attentio.i to the by-product situatioii in Gscmany. Iti
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igio Germany was producing 400,000 tons of ammonium
sulphate, a little more than one-third of the entire world

production. While accurate figures since the war began
are not to be had, it is known that the by-product coke
industry in Germany has greatly expanded, and there

is reason to believe that they bad reached an annual pro-

duction of 1,000,000 tons of ammonium sulphate, or about

one-half of the world's production, by the middle of the

present year. Much of this material was used in the

manufacture of munitions, and Germany did not have to

depend too largely upon artificial nitrogen compounds.

{To be continued).

SEED MIXTURES FOR LAND AFFECTED BY
CLOVER SICKNESS.*

Owing to the high cost of nitrogenous fertilisers, farmers

should endeavour to conserve nitrogen by every means
possible. Leguminous plants should therefore take a

prominent place in every rotation. It is well known that

in many districts red clover is liable to become " clover

sick" if sown on the same field at too short intervals. It

Is probable that none of the leguminous forage plants are

absolutely safe from attacks of " clover sickness," but it is

evident that red clover is the most susceptible. Peas or

beans, both valuable crops under existing conditions, could

with advantage be introduced into the rotation on land that

is known to be " sick " provided that it is at the same time

suitable for the production of these crops, while in the

formation of rotation leys, plants other than red clover

should be used on " sick " land ; or a mixture consisting

only partially of red clover should replace large seedings

of red clover by itself Alsike clover, white clover, and

trefoil do not suffer from "clover sickness" to neatly the

same extent as red clover, and may therefore be used as

substitutes for red clover.

Moreover, there is reason to believe that English grown

late flowering red clover in particular and also broad red

clover, from seed harvested in England, are less susceptible

to " clover sickness " than imported clover. When, there-

fore, ted clover is used at all in mixtures for "sick" land

ft is desirable that every endeavour should be made to

secure home-grown stocks of seed for the purpose. On
(chalky) soils, or in regions of comparatively low rainfall,

trefoil may be largely used, while in districts of high rain-

fall mote reliance should be placed on Alsike clover. The
following mixtures are suggested ;

—
One Year Leys.—

Lbs, per acre. Lbs. per acre.

Chalky soils or low tainfiU

—

Red clover . . 4

Alsike clover . . 6

Trefoil . . . . 6

High rainfall-

Red clover . . 4

Alsike clover . . 8

It appears also from experiments conducted in Yorkshire

and from experience elsewhere that red clover grown in

conjunction with ryegrass is less susceptible to sickness

than when grown pure ; in districts adapted for growing

mixed " seeds " the clovers might be decreased to half the

above quantities and half a bushel of Italian rye-grass

added to the mixture.

Two Year Ltys.—Whke clover should be more largely

relied upon in mixtures for two year leys, in which mix-

tures both Italian and perennial rye-grasses would also

take a prominent place.

(AliAlsike clover

efoil

4
12

• Board ol .\c''-i;l»'re tnd Fisheries, Ftod Production Lcafitt

Ko. 81.

Low rainfall, High rainfall,

lbs. per acre. lbs. per acre.

Red clover 2 z

Alsike clovei 3 4
White clover 2 2

Trefoil 3 —
Italian rye-grass .... 6 6

Perennial ryegrass. . 4 4

On soils where giant sainfoin (see Lcajiet No. 280) is

known to succeed, especially where it has not been grown
for a number ol years, this crop sown pure might usefully

replace red clover on "sick" land, whilst the value of

lucerne (see Leaflet No. 160) on soils that suit it must, in

this connection, be strongly emphasised. The veitch (see

Food Production Leaflet No. 51) is another valuable

leguminous plant wh ch, as well as providing nitrogenous

residues for the benefit of subsequent crops in the rotation,

has a special value at present from the point of view of

adding to the diminished supplies of hay. (Leaflet No. 184
on red, white, and Alsike clovers may also be consulted).

London, S.W. i, February, 1919.

PROCEEDINGS Of SOCIETIES-

ROYAL SOCIETY.
Ordinary Meeting, March 20, 1919.

Sir J. J. Thomson, O.M., President, in the Chair.

The following papers were read :
—

" Magnetic Storms oj March 7 Sand August 15-16, 1918,

and their Discussion." Charles Chree, Sc.D., F.R.S.
The paper contains a discussion of two magnetic storms

—the first on Match 7 8, the second on August 15-16,

1918. For the Match storm curves were utilised from
Kew, Eskdalemuir, and Agincourt (Toronto) Otiservatories.

For the August storm Kew and Eskdalemuir curves were
alone available. The storms were of the same general

type as one which occurred on December 1617, 1317, and
was discussed in a previous paper ; but, unlike the previous

storm, they both had conspicuous Sc's. (" sudden com-
mencements "). The movements constituting the Scon
August 15 16 were unusually large and their oscillatoiy

character was very prominent at Agincouit and Eskdale-

muir. In both cases, as in the storm of December, 1917,

disturbance was much larger at Eskdalemuir than at Kew,
especially in the vertical force. The declination changes

at the two places showed rather a close resemblance, but

the variations in the other elements differed at times not

merely in amplitude, but in general character. The dis-

turbance at Agincourt on March 7-8 was similar in in-

tensity to that at Eskdalemuir, but conspicuously different

in many details. There were some exceedingly large and

rapid changes, especially of declination and horizontal

force, at Agincourt, the range of the former element being

about 2" 5', as compared with 51' at Kew. Some con-

sideration is given to the resemblances and differences

between these storms and so.ne mean results for storms

having Sc's. given in a recent paper by Dr. S. Chapman.

" The Transparency of Biotile to Infrared Radiations."

By L. C. Martin.
The paper describes a curious reversible variation with

temperature in the infra-red transmission of biotite. The
infra-ied apparatus employed was designed by Prof.

Callendar and Mr. A. Eagle. Its optical properties are

examined. Tables and cutves showing the variation in

transmission of biotite with wave-length at various tem-

peratures are given and certain possible explanations are

examined. The general nature of the effect is a halving

of the transmission for a rise in temperature of about

joo° C.
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PHYSICAL SOCIETY.
Annual General Meeting, February 14, igig.

Mf. W. R. Cooper, M.A., B.bc, in the Chair.

In opening the meeting the Chairman referred to the
loss the Sjciety had sustained by the death of Prof. G
Carey Foster, one ot the founders, and mentioned that the
President, Prof. C. H. Lees, was representing the Society
at bis funeral that afternoon.
The Report of the Council was read by Prof. W.

Eccles.

The Report of the Treasurer was read by Mr. W. R.
Cooper.
Both reports were unanimously adopted.
While the ballot papers for the election of Officers and

Council were being collected and counted, votes of thanks
were accorded to the Honorary Auditors, the Officers and
Council, and the Governors ol the Imperial College, the
respective proposers and seconders being Mr. C. C.
Paterson and Dr. Bryan, Prof. Fortescue and Dr.
Makower, Prof. Howe and Dr. Owen.

Mr. E. H. Rayner moved and Mr.W. R. Cooper seconded
a vote of thanks to Prof. W. Eccles for his past services
as joint honorary secretary.

The scrutators announced the result of the election of

Officers and Council for the ensuing year ;

—

President—Vsot. C. H. Lees. D.Sc, F.R.S.
Vice Presidents (who have filled the office of President)

—Prof. R. B. Clifton, M.A., F R.S. ; Prof. A. \V.
Reinold, C.B., M.A., F.R.S. ; SirW. de W. Abney, RE.,
K.C.B.. D.C.L., F.R.S.; Prin. Sir Oliver J. Lodge,
D.Sc, F.RS. ; Sir Richard Glazebrook, C.B., D.Sc,
F.R.S. ; Prof. J. Perry, D.Sc, F.R S. ; C. Chree, ScD..
LL D., F.R.S.; Prof. H. L. Callendar, M.A., LL.D.,
F.RS.; Prof. A. Schuster, PhD., ScD., F R.S. ; Sir

J. J. Thomson, O.M., D.Sc, F.RS.; Prof. C. Vernon
Boys, F.R.S.
Vice-Presidents— Pioi. W. Eccles, D.Sc. ; Prof. J. W.

Nicholson, M.A., D.Sc, F.R.S. ; Prof. O. W. Richard-
son, M.A., D.Sc, F.R.S. ; R. S. Willows, MA., D.Sc

Secretaries -(Paptrs) H. 8. Allen, M A., D.Sc, 5, Pres-
turg Road, New Maiden; [Btisiness] F. E. Smith, O.B.E.,
F.R.S., National Physical Laboratory, Teddington.

Foreign Secretary— Sir Richard Glazebrook, C.B.,
D.Sc, F.R.S.
Treaitirer—W. R. Cooper, M.A., B.Sc, 82, Victoria

Street, S.W. i.

Librarian— S. W. J. Smith, M.A., D.Sc, F.R.S.,
Imperial College of Science and Technology.
Other Members of Council Prof. E. H. Barton, D.Sc,

F.R.S.; Prof. W. H. Bragg, C.B.E., M.A., F.R.S.;
C. R. Darling, F.I.C. ; Prot. A. S. Eddington, M.A.,
M.Sc, F.R.S.; D. Owen, D.Sc; Major C. E. S.
Phillips, F.R.S. E. ; E. H. Raynsr, M.A. ; S. Russ, D.Sc

;

T. Smith, B.A. ; F. J. W. Whipple, M.A.
After the conclusion of the general business, Prof. Lees

took the Chair.

A paper entitled " Temperature Coefficient of Tensile
Strength of Water," by S. Skinner M.A., and R. W.
BuRFiTT, B.Sc, was read by the latter.

The liquid is forced under pressure through a capillary
constriction between two limbs of a Utube. By trial the
pressure is adjusted until the speed in tiie capillary is

sufficient to produce rupture. This is judged by the sound
and also the appearance. The whole Utube is immersed
in a bath, the temperature of which can be varied. Actual
observations of rupture, velocity, and temperature are
recorded up to about 100° C, from which it is deduced
that the tensile strength becomes zero in the neighbour-
hood of 245° C, which is in agreement with theory.

Discussion.
Dr. Vincent asked what arrangements were made to

get the liquid back into the virgin state after it bad been
churned up by forcing through the capillary.

Dr. Brvan asked how dissolved gas affected the results.
In experiments by Wortbington and others the water re-
quired to be very carefully boiled before it showed any
tensile strength at all.

Prof. Lees alto commented on the fact that the liquid
experimented on here contained dissolved gas. In
Wurthington's experiments with gasfree water the tensile
stress was about 2 atmospheres, as far as he remembered.
This seemed of a different order from that obtained by the
authors.

Mr. F. J. W. Whipple asked where the tensile strength
came into the formula. The diagram seemed to connect
velocity and temperature only.

Mr. BuRFiTT, in reply to Dr. Vincent, said the liquid
was always allowed to stand until all cloudiness had dis-
appeared, and any dissolved gas was in equilibrium.
There was no doubt the presence of dissolved gas pro-
moted rupture. Worthington's measure was static, and
there was no danger of air getting in if the liquid was
initially air free. In the present method it was impossible
to prevent some air becoming dissolved. With reference
to Mr. Whipple's comments, the tables are not primarily
intended to give actual values of the tensile stress, but to
give its variation with temperature. If ,;sired, the value
of C in the theoretical formula can be calculated from the
figures given.

A paper entitled " Vector Diagrams of Some Oscillatory
Circuits Used with Thermionic Tubes," was read bv Prof
W. H. Eccles.

'

The method of the crank or vector diagrams used com-
monly in the study of alternating-current circuits is
applied in the paper to the assemblage made up of an
oscillator, the thermionic relay maintaining it in oscilla-
tion, and the devices linking these two parfs. The
diagrams then serve as substitutes for the usual treatment
of the problem by differential equation, and from them
may be obtained all the formulje. They have, besides
the advantage of exhibiting to the eye the phases of the
currents and voltages in every part of the circuits. In
forming the diagrams the potential drop across the
oscillator is calculated by the usual rules of the alternating-
current diagram, and added geometrically to the potential
diop across the tube. This total is made equal, in magni-
tude and phase, to the voltage applied at the instant to
the grid multiplied by the voltage factor of the relay. In
its turn the voltage applied to the relay depends upon and
it! obtained from the current running in a portion of the
oscillator. The fitting together of these lines gives all the
conditions to be satisfied for the maintenance of steady
oscillations.

DiSCWSSION.

Prof. G. W. O. Howe agreed that you could not really
understand the conditions in a circuit unless you were able
to put down the currents and voltages in a vector diagram.
He had attempted himself to simplify Vallauri's treatment
for students, but without as much success as Dr. Eccles.
He had usually looked at these circuits from this point of
view ; The oscillatory circuit apart from the valve has a
certain equivalent resistance. To maintain oscillations
the equivalent of a negative resistance must be intro-
duced. There are two ways of varying the current in the
bulbs

; the P.D. on the terminals or on the grid may be
vaiied. In the latter case the current may be increased
even if the total P.D. on the bulb isdiminished, and if this
condition can be arrived at we have the equivalent of a
negative resistance to the oscillations. You have to
arrange a coupling device so that the variations of current
in the plate circuit produces suitable variations of potential
of the grid. From the characteristic of the plate circuit
you can determine the critical value of the mutual in-
ductance between plate and grid circuits to give the
equivalent negative resistance necessary for maintenance
of steady oscillations.

Prof. C. R. Fortescue said the method of approach
appears to be a distinct advance, in that the idea of the
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tube as a generator of an E.M.F., g'E.g, enables a voltage

diagram to be plotted instead of tbe more usual current

diagram. This is an undoubted advance, and simplifies

tbe final adjustment of tbe diagram to suit tbe conditions

of tbe ti:be and circuit. At various times many vector

diagrams bavc been drawn for various oscillatory circuits
;

and in tbe wbole the results bave bardly come up to ex-

pectations. There appears to be three reasons for this,

vi2. : (a) In order to draw tbe diagram at all a very clear

insight into tbe conditions is required. In other words,

it is necessary to know the final result before the diagram
is completed. In the diagram of Fig. 3 of tbe paper it is

necessary to know, firstly, that tbe angle 9 is a positive

angle, and, secondly, that tbe effective E.M.F. of the

tube is in phase with tbe voltage applied to the grid. The
latter condition is, of course, obvious from the action of

tbe tube, but (be former is by no means obvious, and has

to be discovered by trial and error. If, for example, the

current I is considered to be flowing through tbe induc-

tance, then e must be taken as an angle of lag, as will be

found if an attempt is made to plot out this diagram, (b)

The quantities are such that it is impracticable to plot the

diagrams to scale. For example, if the numerical values

of tbe tirst example en page 3 are taken, tbe ratio of the

length of the line OUy» of Fig. 3, to the length DQ is of

tbe order of r to 500,000. Actually, if Fig. 3 is plotted to

scale, it becomes a diagram vertically up and down the

board, (c) Finally, there is tbe common experience of the

sign difficulty in drawing the diagrams. There are many
possibilities of contusion with tbe ordinary current diagram,

but it is possible that with the author's voltage diagram
these troubles will be very much reduced. It would appear

that the true function of these diagrams, when numeiical

values are applied or when the diagrams are drawn to

scale, is to justify tbe practical method commonly used of

regarding the valve as a power supply. The anode
current is in pbase with tbe voltage across the oscillatory

circuit. Taking the alternating components only, the

product of the anode current and the circuit voltage gives

tbe power supplied to the circuit. The anode current

depends upon the anode and grid voltages, i.e.,

as given on page i of the proof oi this paper. To within

a small percentage this power is absorbed by the circuit

losses. If R-i-S is tbe effective resistance of tbe oscillatory

circuit, then for tbe oscillations to be maintained or built

up, the power suppiv from the valve must be equal to or

greater than the Js(R+S) loss. Tbis method of dealing

with the problem bas many practical advantages, and has

been in use for some years. Hazeltine has described, in

the " Proceedings " of the American Institute of Radio
Engineers, the application of the method to various

circuits, notably the circuit in which a condenser is con-

nected across the grid inductance h. It is very well known
that the author of tbis paper has had experience of many
other circuits and applications of three electrode relays,

and it is to be hoped that he may be able to give to the

Society further papers on this same subject. In particular,

a vector treatment of tbe De Forest ultraudion circuit

would be cf great interest, as this circuit is one which has

presented very great difficulties when any attempts bave
been made to calculate tbe condition for instability.

Mr. J. NicoL asked if there was any lag between tbe

voltage applied to tbe grid and the effect on tbe current in

tbe valve.

Dr. D. Owen said it was assumed that the action of the

valve was an amplification of voltage. Actually what
happened was a variation in tbe resistance of the valve.

It seemed rather remarkable that this should be regarded

as a voltage effect. He did not like Prof. Howe's idea of

a negative resistance, as such a conceptinn bad no physical

liignificance. A negative value of dVjdC was by no means
the same thing as a negative value of \'/C, which would
be required before we could talk of a negative resistance.

Did tbe author lind it satisfactory to treat tbe quantity

hu as a const.int ?

Mr. F. E. Smith thought the paper of great value. He
agreed with Proi. Fortescue that a great aniount of inter-

esting work was still to be done in connection with these
problems.

Capt. Turner referred to a sentence occurring in the
section dealing with a particular case :

" It is noteworthy
that ... no resistance.' This seemed to imply that
an infinitesimal change in E would produce a finite change
in the steady component of the anode current.

Dr. EccLES, in reply, said that he did not think vector
diagrams were ever used quantitatively. They were
mainly used to derive a formula, and tbe scale of tbe
vectors v/as immaterial. As regards lag, be was not
aware of any definite knowledge on this point, but tbe fact
that nowadays waves of 30,ooo.ooOj;3 per second were
obtained showed that the lag must be very small. He
thought it was justifiable to assume it zero in slow circuits.

The concepiion of the valve as a voltage amplifier
seemed a difficulty ; but if we vary the resistance of one
part of a circuit containing a fixed E.M.F it is clear

that the P.D. on the remainder of the circuit will also

vary ; so that the varying resistance can be regarded as
a source of varying E.M.F. applied to the remainder of

the circuit. The quantity h., was not constant. As
regards Cspt. Turner's point, he was referring here to

a case in which there was no resistance in the inductance
circuit.

A paper entitled " A Small Direct-current Motor Using
Thermionic Tubes instead of Sliding Contacts," by Prof.

W. H. EccLES and Mr. F. W. Jordan, was read by the
latter.

In this motor the rotating part is an ebonite disc with
iron teeth on its periphery, and the stationary part com-
prises two electromagnets with their poles close tc

two teeth. One electromagnet is connected to the grid

of a thermionic relay, the other is included in tbe plate

circuit. When during rotation a tooth passing the grid

magnet induces a voltage in its winding the consequent
transient increase of current through tbe other magnet
causes this magnet to exert a pull on tbe tooth ap-
proaching it. We thus have a small motor without
commutator or spark which may under no-load be driven
up to a speed of 4000 to 6000 revs, per min. from tbe
lighting supply.

Ordinary Meeting, February 2S, igig.

Prof. C. H. Lees, President, in tbe Chair.

A p.'^PER " On Simplified Inductance Calculations, with
Special Reference to Thick Coils." by Mr. P. R. Coursey,
was read, in tbe absence of the author, by Mr. J. NicOL.
The method of calculation advocated in the paper is

based on an extension of Nagaoka's formula for single

layer coils, to include as well all ordinary forms of thick

coils. Rosa's formula for thick coils is put into tbe same
form as Nagaoka's, and its use enables a series of correc-

tion factors to be calculated for various coil thicknesses.

By the aid of a single sheet of curves giving values of

these correction factors the inductance of any form of coil

likely to be met with in practice may be readily calculated,

using only one simple standard formula for all cases.

Reasonable accuracy is obtained even in the limiting

example of a single turn of wire. Tbe results arrived at

agree well with other published charts, which are usually

of more limited application, while the use of a single

formula for all cases lessens the liability to error.

It is also shown that Raleigh and Niven s formula
enables the calculation of the correction factors for very
short coils to be carried out without having recourse to

Nagaoka's more complicated expressions,

Discussion.
Ur. EccLES said that as the author had mentioned an

abac given in the speaker's book on "Wireless Tele-

graphy," it was well to remark, first, that this abac was
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deliberately made of its present range so as to provide an

open scale for coils of the proportions used in practice. For

the rare cases of coils outside the range of the abac very

simple formulae are available. Dr. Russell's formuI;E were
used in making the abac, because they seemed more con-

venient for the purpose than the results of Nagaoka, to

which they were, of course, equivalent. By constructing

new curves for dealing with coils of several layers the

author has rendered a great service, and has opened easy

paths though a forest ol laborious theoretical calculation.

Now that this has been done it will be much easier to

compare the measured values oDtained on actual coils w.th

the calculated values, and so we shall be aided to accumu-
late experience of the effects cf high frequency eddy
currents on the inductance of coils.

Ptof. Howe agreed with Prof. Eccles' remark about

the general utility of Mr. Coursey's investigation. The
chief differences between the author's curves and those of

the Bureau of Standards was that in the latter the ratio

D/l and k, which was a function of D/l, were combined
into a single function.

Mr. NicOL, in reply, referred to formulas published in

the Electrician by Mr. Coursey a few years ago, and con-

sidered that the step now taken, which resulted in restrict-

ing the values of k to between o and i, combined with the

general inclination of the curves to about 45 deg. with

the axis, gave much greater convenience in reading.

A Demonstration of Some Acoustic Experiments in

Connection with Whistles and Flutes was given by Dr.

R. DUNSTAN.
Experiments were made with hollow spheres, cylinders,

and cones with holes ol various sizes and in various

positions. Bernouh's theorem, which gives the wave-length

of the sound produced by a cylindrical pipe in terms of

the length of the pipe and an end-correction depending
on the diameter only, was shown to be quite inadequate

for practical purposes, the pitch depending on many other

factors, such as the wind pressure, the size and shape of

the blow-hole, &c. Cylindrical flutes appear to require

an end-correction which—within certain limits— is equal

to D'^jd, where D is the diameter of the pipe and d the

mean diameter of the mouth hole (which is often oval

in shape). In the shortest flute experimented with, which
was only half an inch long, Bernouli's theorem would give

the wave-length as two inches, where3S it was actually

fourteen inches.

The conclusions drawn from the experiments are that

in blowing across a hole in a hollovv body a force existed

en an elastic substance. The result is s " sfifitig back,"

which produces an aerial throb, pufif, or pulsation. The
frequency of the pulsation is determined by relations

between the dimensions of the instrument, the size of the

bole, the wind pressure, &o. Any resulting sound has its

wave-length determined by the frequency and not primarily

by the dimensions of the instrument, as in the usual text-

book treatment.
Discussion.

Prof. Bragg referred to Lord Rayleigh's work on open
pipes and flasks, and said that since the internal pressure

of the air would vary with the size of the aperture it was
easily conceivable that a difference of pitch would result

when a change was made in the size of the aperture.

Mr. F. J. W. Whipple outlined Lord Rayleigh's ex-

planation of the long wave-length of the notes obtained
from a hollow sphere.

Mr. T. Smith asked if the variation in pitch with the

position of the hole along the cylinder bad been fitted to a

formula— for instance, was the change in pitch propor-

tional to the square of the distance of the hole from the

centre of the cylinder ?

Mr. NicoL spoke of the end correction, and stated that

students often applied the correction to the closed end ol

pipes, which was incorrect.

Mr. F. E. Smith said the end correction v/as useful in

electrical problems, and gave an illustration of the variation

of Hi Id in an electrical case.

The President asked if there was much variation in the
ratio D/d, and s^id he thought the formula was important
if it could be verified over a wide range. He referred to
Lord Rayleigh's experiments on flasks as closely analogous
to those of Dr. Dunstan.

In reply, Dr. Dunstan stated that the range of D/rf

was not very large in the instruments he had used.

A Demonstration of a new Polariser was given by Mr.
G. Brodsky.

In the course of experiments with polarisers built of
piles of glass pUtes disadvantages due to bulkiness of the
apparatus and loss of light had to be overcome.
The idea occurred to him to place the pile of plates

between two prisms of the same glass in such a manner
as to

—

(a) Reduie the length of the polariser by one-half;
(b) Utilise the full aperture of the pile ; and
(c) To get rid of all reflected light.

Results obtained with experimental prisms he showed
were so good that they could be considered a very fair

substitute for Nicol prism.s of corresponding size, and the
very small amount of light escaping through crossed
prisms (which could be reduced further bj tdditional plates)
is for most purposes negligible.

There would be no difficulty in building such polarisers
to any required size, as all the material consisted entirely
of glass in unlimited quantities and at reasonable price,

and it was hoped that this invention (Brit. Patent
121,go5) would be used for many purposes.

Polarisers for directly transmitted light were hitherto
very scarce and cjstly, so that many uses they could be
put to remained undeveloped (such as stereoscopic kine-
matography).
The new polariser could also be adapted to advantage in

microscopes, sa:cbarimeters, optical pyrometers, &c., and
used for optical benches in the lecture room.

Experiments with piles of glass plates showed a very
large discrepancy between the calculated and observed
angle for best extinction. Whatever the glass used, and
whatever the quality of the surface, this discrepancy
came consistently to some 10 deg., v/hereas thin micro-
scope cover plates were found to be useless.

There seemed to be still an interesting field for investi-

gation as to the conditions affecting the surface of glass
plates used in polarisers.

Discussion.
Mr. T. Smith said it was difficult to discuss the merits

of various forms of polariser, as many forms had been
proposed and much was of a confidential character. He
had been struck by the presence of two opposite tendencies
in constructing such apparatus. In one group the optical
portions of the apparatus were made large, and etiforts

were directed to increasing the size ; in the other group,
where the attainment of the same ultimate object was in

view, these parts were made as small as possible.

The President asked if it was not possible to get
equally good results without prisms by reflection only. He
thought prisms made the arrangement complicated.

Mr. Brodsky, in reply, explained that he agreed with
the remarks about reflection, but that his efforts were con-
fined to transmission effects for a particular purpose.

SOCIETY OF PUBLIC ANALYSTS AND
OTHER ANALYTICAL CHEMISTS.

Ordinary Meeting, March 5, igrg.

Dr. Samuel Rideal, President, in the Chair.

A certificate was read for the first time in favour of
Mr. MadanUl Jekisandas Gaijar, M.A. (Bombay), and
Mr. James Soiley, F.I.C.

Certificates were read for the second time in favour of
Messrs. Robert Odell BishoD, A.I.C. ; Hubert William
Bywaters, D.Sc, F.I.C, Ph.D.; B. S. Evans, M.C.,
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B.Sc.Lond., FI.C. ; F. S. Fowweathet, M.Sc, A.I.C. ;

Roberi Atkinson Oddy ; W. B. Pollard ; Charles Kenneth
Tinkler, D Sc, F.l.C.

Mr. Cecil William Wood was elected a Member of the

Society.

The following papers were read :

—

" Approximatt Method of Analysis of Sausages and Meat
Paste." Bv Geo. Stubbs, O.B.E., F.I.C., and A. More,
A.R C.S , F.l.C.

The determination of moisture, fat, proteins, and ash is

carried out in the u^ual manner, and the proportion ol

carbohydrates taken by difference. The estimation of

lean meat is based on the absence of carbohydrates in

meat and the amount ot proteins in the cereal products

used as fillets.

" Method for the Determination of Small Quantities of

Acetone, Alcohol, and Benzene in the Atr." By Major S.

Elliott, B.Sc, F.l.C, and Capt. J. Dalton, M.C.
A measured quantity of the air is drawn through suitable

apparatus, the vapours being absorbed simultaneously as

follows :—The acetone in alkaline iodine solution and the

excess of iodine titrated A'iih thiosulphate. The alcohol

in dilute chromic acid and, after oxidation to acetic acid,

the t.vcess of chromic acid is titrated with iodine. The
benzene in a mixture of cone, sulphuric acid and fuming

nitric acid, convened into dinitro-benzene, and alter ex-

traction with ether, reduced l^y a known excess of stannous

chloride and the excess of the last reagent titrated with

iodine.

"Analysis of Sausages. Meat Pastes, and Army Rations."

By A. W. Stokes, F.l.C.

The Food Control authorities limited the percentage of

meat which might be contained in sausages to be sold at

a given price, but did not limit the quantities of bread,

water, and fat. The desirability of limiting the quantities

of water, bread, and fat was shown by a particular sample

which contained about equal parts of added water, bread,

fat, and meat. Since meat contains 70 per cent of water

and bread 40 per cent, no added water should be allowed.

In the United States the use of bread in sausages is pro-

hibited, and, as the bread is often soaked in water before

use, thereby increasing the percentage in the finished

product, the author points out that this prohibition might

with advantage be enforced in Hnglaud.

INSTITUTE OF CHEMISTRY.

The London and South-Eastern Section of the Institute

of Chemistry was formed at a meeting held at 30, Russell

Square, on March 14.

Sir Herbert Jackson, President, in opening the pro-

ceedings, said that the L ical Sections of the Institute

recently formed in various parts ol the country had already

demonstrated their usefulntss, and were taking an active

part in assisting the Council in promoting the interests of

the profession of chemistry. The Council desired that

the Local Sections should have a free hand in the conduct

of their business. The President, therefore, called upon

the members to elect a Chairman for the meeting.

Dr. Bernard Dyer having been elected to the chair,

the S=ction was declared duly formed.

A Committee was elected as follows :— Mr. C. T. Abell,

Dr. O. L Btady, Mr A. J. Chapman, Mi>s E. M. Chart,

Di Bernard Dyer, M'. A V Elsden. Mr. N rman Even,

Mr. J- A. G"dner, Mr. C S. Garland, Dr. W. H. G'bson,

Mr W H Harrison, Mr. E. M. Hawkins. Prof J W.
Hinchlev. Prof P. H K'tkaldy. Mi. E H Lees, Mr. T.

Macara, Mr'. W. A. C Newman, Mr. F. M. Potter, Mr.

F. M. R<y, and Mr. J. Miln Thomson.

Mr" William Bacon was appointed Hon. Secretary,

pro tern.
. .

The draft rules for L^cal Sections wrre provisionally

adopted, and a general discussion ensued on the proposed

revision of the By Laws for the election of the Council

Ot the Institute.

LUHRESPUNDENCL.

ATOMIC STRUCTURE AND CHEMICAL
AFFINITY.

To the Editor oi the Chemical News.
Sir, — Referrtng to my article, entitled as above, in last

week's issue of the Ciie.mh,al News, may I claim a little

more space to correct two niaJiemaiical errors ?

Page 145, leit-hand column, bottom line, " lo—= cm."
should read 10-24 cm.

Page 149, left-hand column, first figures in table,
"10-6 " should read 10'.

It will be seen that by making this latter correction the

gradation of the wave lengths is as it should be.—

I

am, &c., n> ti T
F. H. L.

DYEING EXPERIMENT.

To the Editor 0/ the Chemical A'ftcj.

Sir,—Turning over the pages of my laboratory note-

books for the late sixties, I find the following ;
—" Take half

a grm. of a mixture in powder of potassium methjl sul-

phate and potassium iodide, tint slightly with rosaniline,

moisten with glyceii 1, and warm carelully over the flame
;

Holniann's violet is formed. On addition of water, silk

or wool can be dyed in the solution. The experiment
would serve for lecture demonstration when dealing
with aniline dyes. Glycerin retains the CH3I."
The enclr'sed was dyed by this means. [The strip of

silk accompanying was dyed a pleasing shade of violet.

—

Ed.].-I am, &c., Experimenter.

MISCELLANEOUS

Institute of Chemistry.—At a meeting of Fellows
and Associates oi the Institute ot Chemistry held at

Milburn House Cafe, Newcastle-upon-Tyne, it was de-

cided to form a Local (Newcastle and NonhEast Coast)
Section. Prof. P. Phillips Bcdson presided, and the

Registrar of the Institute was also present. A Committee
was appointed consisting ot Pio. Btdson, Dr. J. T. Dunn,
Prof. Henry Louis, Mr. K. A. Moore, Mr. C. H. Ridsdale,

and Mr. Thomas Wallace. The Committee was em-
powered to add three to their number, and Dr. Dunn was
appointed Hon. Secretary f-ro tern. The draft rules for

Local Sections of the Institute were discussed and
approved, as was also the suggested scheme for the

revision of the By-laws for the election of the Council of

the Institute.

mittnnub hUh IHb WbbK

McNDAY, 7th.— Royal Institution, 5. (General Meeting).
—

I

Royal Society of .\rts, 4 30. (Cantor Lectures). " Prob-
lems • f Food and their connection wiih Our
Economic Policy," by Prof. H. E. Armstrong.

Society of Chemical Industry, K. "Drying by Heat
in conjunction with Mechanical Agitatio' and
Spreading,"' by E. A Albott. "Estimation of
Carbon Disulphide—a Critical Examination of the
various Methods usually EmpIo>i:d," by P. E.
Spielmano and F. B. Jones. " Estimation of Thio-
phene," by P. E. Spielmann and S. P. Schotz.
" Estimation of ' Free Carbon ' in Tar and Pilch,"
by P. E. Spielmann and H. Wood,

TuiSDAY, 8th.—Royal Institution, 3 "British Eihnoloey — Th«
People of Wales," by Prof. A Keith.

Wednesday, oth.—Royal Society of Ams, 4. 30. " Housing and Infant
Mortality," by Dr. L. E. Hill.

Thursday, loih.—R'^yal Instiiutioo, 1 "Colloidal Matter and its

Pro ertics." b- Prof. A. Findlay.
Institution of Electrical Engineers, 6 *' Notes on
Surface Condensing Plants, with Special Refer-

ence to the Requirements of Large Power
Stations," by R. J. Kaula.

Friday, nth.—Royal I- -liiui-on, 530 " Piezo Electricity and its

Applications," by Prof. Sir J. J. Thomson.
Saturday, 12th.—Ro\al Institution, 3 "Spectrum Analysis and its

Application to Atomic Structure," by Prof. Sir J. J.

Tnomson, O.M.
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SIR WILLIAM C R O O K E S

THE death of Sir William Crookes, vvhicli took place on Friday niorning last, has been

announced the world over, and full accounts of his labours and attainments have been

published. There is no need for repetition in these pages ; but a few words from one who for

more than half a lifetime has been closely associated with him in his scientific work may not

be considered out of place.

Sir William Crookes was a remarkable man: scientific work was his chief object in life
;

research and the progress of science his one interest.

His energy and patience were remarkable, both in success and failure—for of failures

there were many about which the world knew nothing.

There were two terms that he called " bad words," and would not allow in the laboratory

—one was " cannot," the other " near enough."

He was a hard worker; day in day out was filled with labour; and one of his common
sayings was that a man could not be really happy unless he had just a little more to do each

day than he could possibly finish.

The work of the Chemical News was one of his few recreations, and the paper was under

his personal control from the day of its foundation in 1859 until within a few weeks of his

death.

The death of Lady Crookes, which took place in May, 1916, deprived him of his one

companion, and undoubtedly hastened his death. With her he lost his main interest in life,

and, although he bravely fought on, it was plain to see that he would never be the same

again. Gradually his strength gave way, and the writer, watching him, saw a daily added

feebleness ; but there was never a murmur or word of complaint, always the same kindly

greeting and pleasant smile, until physical weakness gained the upper hand and he passed

quietly away in the early hours of the morning.

".\nd so fa niliar landmarks disappear, old memories fade away, aud all the busy actors in life's theatre vanish, and

those who are left are iho.e who are lo be pitied."

THE CHEMICAL NEWS
Vol. CXVIII., No. 3078.

A STUDY OF THE PREPARATION OF CERTAIN
ORGANIC SALTS OF TELLURIUM.*

By AARON .M. HAGEMAfJ.

I:j an investigation described elsewhere {yourn. Am. Chsm.
Soc, igig, xli., 300) it was necessary to secure solutions
of tellacium in a number of non-aqueous solvents. This
led to an investigation of certain organic salts of tel-

lurium, since, in many cases, combinations of a metal with
£n organic acid radical are more likely to be dissolved by
organic liquids than are inorganic salts. Although tel-

lurium dioxide is chiefly acid in character, there are
numerous cases where it shows specific basic tendencies.
This suggested a general method for the preparation of

organic salts of tellurium, namely, the treatment of

tellurium dioxide with the free organic acid. In some
cases this proved to be a satisfactory method of prepara-

' Abstract of part of a thesis submitted to the Graduate School of
the Univeraity of Wisconsin in partial fulfilment of the requirements
foi the degree of Doctor of Philosophy. From the Jouiua: of the
AmiiU.tn Clunic ji Socittv, vli

, No v

tion, while in nuincroijs other cases a chemical union
cuuld not be brought about by this means. This was
especially true where the acid character of the organic
acid was unusually weak.

Expmmental.

Tellurium Acid Tartrate.—U was known to Berzeliiis

{P°gS- ^"n-, 1826, viii., 4ir) that tellurium dioxide could
bi; dissolved in tartaric acid and a salt separated out in

which tellurium acted as a base. Becker further studied
this reactiou and reported {Ann., 1876, clxxx., 257) that if

a solution of tellurium dioxide in tartaric acid was allowed
to evaporate s-ponlaneously in the air, long, radiating,

colourless crystals separated out, which his analysis
showed to be tellurium acid tartrate, Te(HC4H406)4.
Becker {loc. cit.) states it is very difficult to separate these
crystals from the tartaric acid itself.

In the present work the preparation of the salt consisted
in treating a solution of tartaric acid, saturated at 20° C,
with an excess 0! purified tellu.ium dioxide which had been
ground to pass a 200 mesh sieve. The mixture was con-
tained in an Erienmeyer flask fitted with a onsholcd
rubber stopper in order to minimise evaporation and was
heated in a sand-bath at a temperature of 70'^ C. At the
end of three days, reaction had taken place, as evidenced
by a decrease in the quantity of the dioxide, while a small
amount of elementary tellurium had separated out.

After prolonged heating at this temperature, a portion of

the iiqjid wiis filtered and the material.'; in solution



IJO Preparation oj certain Organic Salts of Tellurium Chemical New
^ April II, igig

allowed to ctystallise. After being freed from Ibe mothet-

liquor as completely as possible by pressing between filter-

paper, an analysis of the colourless crystals showed them

to contain 5'53 per cent tellurium. The formula

Te(HC4H40c)4 requires 17-62 per cent cent tellurium.

The flask containing the dio.\ide and tartaric acid was

heated again for two months longer at 70° C. and crystal-

lisation allowed to lake place at room temperature, since

if the solution is boiled the tellurium will slowly but com
pletely precipitate as the element. The crystals sepa-

rating out proved to contain 16 38 per cent tellurium,

which is approximately the theoretical percentage required.

The reaction taking place between tellurium dioxide and

tartaric acid may be summarised as follows:- A strong

solution of tartaric acid slowly dissolves tellurium dioxide

with the formation of tellurium acid taitrate. Inasmuch

ss the solubility of the free acid and newly formed salt

are very nearly the same, it is impossible to separate them

by this means. It consequently becomes necessary to

continue the reaction to completion. Heating acceleiates

the reaction, but a boiling temperature must be avoided

as it will cause the separation of tellurium in the elemen-

tary form.
Tetluriiim Acid Citrate.—Since tellurium was able to

replace one of the two hydrogen atoms of the dibasic

tartaric acid, it was interesting to determine the number

of hydrogen atoms this element was able to replace in a

tribasic organic acid. Preliminary experiments showed

tellurium dioxide to be slowly dissolved by citric acid.

Tellurium dioxide and a solution of citric acid were

heated together for one month in a manner similar 10 the

procedure just described. During this time no elementary

tellurium was set free as in the case with tartaric acid.

Crystals separating out from the supernatant liquid after

concentration on a hot plate were of two different types.

Th:y consisted of large, colourless crystals which were

recognised as crystals of citric acid, and some small

white opaque crystals. An analysis of the latter showed

a content of 973 per cent tellurium. By dissolving the

small, white, opaque crystals in distilled water and re-

crystallising, it was found that similar crystals separated

first and others of citric acid later. An analysis of the

former showed them to contain 2125 per cent tellurium.

Fractional crystallisation was therefore continued. The
results of the analyses carried out with each fraction of

crystals are arranged in the accompanying table :

—

\Vl. sample. \Vt. Te found.

Grm. Orm.
0'6l33 o 0509
05270 01120

• 05793 0-1394
• 0-5439 0-1333

032fi.| 0-0819

Te.

Per cent.

9 73
21-25

2407
24-50
25-og

Fraction.

I.

2.

3- -

4. ..

5. ..

Since the percentage of tellurium required for the

formula Te(HC6H50;)2 is 25-10 per cent, it appears that

this compound is produced by the action of citric acid on

tellurium dioxide. Tellurium acid citrate may be described

as a white, opaque, finely crystalline compound which

lends to separate in small, radiating clusters. In com-

paring its preparation with that of the acid tartrate, it is of

interest to note that its solution in water will withstand

boiling temperatures without reduction to the element.

Its solubility is sufficiently less than that of citric acid to

permit its complete separation from the free acid.

Tellurium Oxalate.— If tellurium dioxide is heated with

a saturated solution of oxalic acid, a certain amount of

tellurium is held in solution as shown by tests for the

element. If such a solution is allowed to crystallise

spontaneously in the air, a mixture of crystals of the

dioxide and acid separate. There seems, therefore, to be

no compound existing between tellurium and the oxalic

acid radical. Klein obtained similar results when he

attempted to prepare a double oxalate of potassium and
tellurium (inn. Chim. Phys., 1887 [6], x., 108; Bull.

Soc. Chim., xlv., 714).

Tfllurium Succinate.—A solution of succinic acid was
heated with finely divided tellurium dioxide for three
months. At no time did a portion of the filtered solution
respond to a test for tellurium. There is apparently no
action between tellurium dioxide and succinic acid.

Tellurium Dioxide and Certain Other Organic Acids.—
An excess of tellurium dioxide was also heated with con-
centrated solutions of malic, gallic, and lactic acids for

long periods of time. All of these acids slowly dissolved
small amounts of tellurium dioxide. In the case of malic
and gallic acids, crystals could be obtained which con-
tained small amounts of tellurium, but it was impossible
to separate the tellurium containing substances from the
free acid. The solution obtained in lactic acid failed to

yield any crystals after concentration by various methods.
It was evident that if a definite oompound was formed it

was soluble in the liquid lactic acid. In none of these
cases was there a separation of elementary tellurium
during the long periods of beating, as was the case with
tartaric acid.

Klein {loc. cit.) had similar experience with tellurium
dioxide and phosphoric acid. A reaction between these
two compounds could be recognised. He states, however,
he was entirely unable to separate out a definite com-
pound containing tellurium anti phosphoric acid.

Tellurium Oleate.—Tellurium tetrachloride proved to be
easily soluble in anhydrous benzene. Kahlenberg (youra.
Phys. Chem., 1902, vi., 1) has shown that if a solution of
copper oleate in benzene is treated with a metallic chloride
dissolved in benzene, a brown precipitate of anhydrous
copper chloride is produced with the metallic oleate. This
suggested a means of preparation of tellurium oleate and
certain other compounds of tellurium wilb the higher
fatty acids.

A solution of purified copper oleate in anhydrous
benzene was treated with an excess of a solution of tel-

lurium tetrachloride in benzene. A precipitate of brown
anhydrous copper chloride immediately formed. The
precipitate v/as gelatinous and extremely difficult to filter.

Before filtration could be effected, a purple colour de-
veloped in the solution and in the precipitate. This indi-

cated that if tellurium oleate had originally been formed,
it rapidly dissociated into colloidal tellurium and free

oleic acid.

Various attempts were made to salt out an oleate of
tellurium from the solution immediately after precipita-

tion. As "salting out" agents, water, as well as organic
liquids in which the metallic oleales are usually insoluble,

were used, but the tellurium always separated in the
elementary form before a definite compound could be
obtained.

Final attempts were made by using molecular propor-
tions of the two reagents dissolved in benzene. The
benzene was carefully removed at a temperature not ex-

ceeding 65^ C. The remaining black residue consisted of
a mixture of free oleic acid, copper chloride, and ele-

mentary tellurium.

It is therefore evident that these methods do not oflfer a
means of preparation of this compound. Results show
that tellurium oleate is probably produced, but tellurium
and oleic acid are so weakly basic and acid, respectively,
that the compound immediately dissociates into elemen-
tary tellurium and free oleic acid.

A number of similar experiments were carried out with
copper stearate solutions but with identical results.

Summary.

1. A detailed method for the preparation of tellurium
acid tartrate has been given. It was found that this salt

cannot be separated from tartaric acid by crystallisation.

This is contrary to the findings of Becker.
2. Tellurium acid citrate— Te(HC(5H50;)2, is produced

by the action of a concentrated solution of citric acid on
tellurium dioxide. This salt crystallises in white, opaque,
radiating crystals. It differs from the acid tartrate in that
•ts Tlutions will withstand boiling temperatures without
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reduction and its solubility Is sufficiently less than that of

the free acid to permit purification by fractional ctystal-

lisation.

3. Succinic acid does not attack tellurium dioxide.

4. Oxalic, lactic, malic, and gallic acids hold appre-

ciable amounts of tellurium dioxide in solution. It was
impossible to separate a crystalline compound of tellurium

with any of these acids.

3. The existence of an oleate or stearate of tellurium

has been shown to be doubtful.

The author takes pleasure in acknowledging his obliga-

tion to Prof. Victor Lenher, at whose suggestion and under
whose guidance and inspiration the work of this and the

preceding paper (which will appear later) has been
carried out.

PHYSICAL CHEMISTRY AND ITS BEARING
ON THE CHEMICAL AND ALLIED INDUSTRIES.'

By Prof. JAMES C. PHILIP, O.B.E., M.A., Ph.D., D.Sc.

(Continued from p. i6i).

The very marked falling off in the yield of sulphur trioxide

with rising temperature is in harmony with the well known
physico-chemical principle associated with the name of

Le Cbatelier, viz., that if any change in the external

conditions (pressure and temperature) is imposed on any
system in equilibrium, then the equilibrium shifts in such
a direction as to meet and partially neutralise the change
in question.

If, for example, the temperature of a closed vessel con-
taining only water and water-vapour is raised, some of the

water will evaporate until the vapour pressure has risen to

the value appropriate to the higher temperature. Evapora-
tion, however, is accompanied by absorption of beat, and
the equilibrium between water and water-vapour shifts

therefore with rise of temperature in that direction which
involves a partial neutralisation of the beat communicated
from the outside.

So with any reversible chemical reaction, if the tem-
perature of the equilibrium mixture is raised, the position

of equilibrium shifts in that direction which involves

absorption of heat. Now, the formation of sulphur tri-

oxide from sulphur dioxide and oxygen is an exothermic
process ; i.e., the change 2S02-hOa = 2S03 is accompanied
by the evolution of heat, and it therefore follows that the

reverse process—the dissociation of the trioxide—Involves

absorption of heat. Rise of temperature accordingly
favours the formation of the system sulphur dioxide +
oxygen at the expense of the sulphur trioxide.

The influence of temperature on the equilibrium constant

K of a reaction, and its relation to the beat eff'ect of the

reaction is expressed in the thermodynamic equation

—

d{\og, K) ^_ ^_
rfT RT2

'

where Q is the quantity of heat liberated when the reaction

goes completely from left to right at the absolute tempera-

ture T, and R is the well-known gas constant. It appears

that the value of Q for the reaction 2S03 = 2SO>-l-Oi Is a

linear function ot the temperature, and may be repre-

sented by the equation Q = -47, 300-1- 4T. If this value

of Q is put in the foregoing thermodynamic equation, and
the latter is then integrated, a formula is obtained which
expresses the variation of K with the temperature, viz. :

—

log:oK = if^ -2'222lOgioT-t- 14-585.

The values of K given by this equation are in close agree-

ment with the experimental figures.

The Le Cbatelier principle referred to above makes It
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possible to predict the effect of increasing the pressure on
any equillbtium system at constant temperature. If, for
example, ice and liquid water are in equilibrium at 0° C,
and a bigger pressure is applied, the system meets this by
shrinking ; i.e., the equilibrium shifts so as to increase the
proportion of the denser constituent (liquid water) at the
expense of the lighter (ice). Similarly, with any reversible
chemical reaction at a given temperature, increase of
pressure favours the formation of the system occupying
the smaller volume, and the equilibrium accordingly shifts
in that sense.

In the equilibrium represented by 2S0j ~^ 2S0z+0z,

the number of molecules on the left being two, that on the
right three, it is clear that the sulphur trioxide occupies a
smaller volume than the sulphur dioxide and oxygen from
which it is formed. Hence incrense of pressure at any
temperature would lead to a greater percentage conversion
of the dioxide Into the trioxide. If the maximum yield of
sulphur trioxide obtainable at the ordinary pressure
and at all temperatures within the possible working
range were comparatively low, then It might be desirable,
even on the manufacturing scale, to carry out the contact
process under pressure. Since, however, .hat contingency
does not arise, the question of operating under pressure
does not present Itself in any pracrically urgent shape.
The law of mass action, then, coupled with the

principles of thermodynamics, leads to a complete quanti-
tative presentation of the equilibrium between sulphur
trioxide, sulphur dioxide, and oxygen, as it exists over a
fairly wide range of temperature, and if the yield were the
only factor to be considered in the contact process, it is

plain that the lower the working temperature the better.

The manufacturer, however, has to take another factor into
account, and that Is the time required at each temperature
for the establishment of the equilibrium. The velocity of

chemical reactions, as shov/n by Innumerable physico-
chemical investigations, has a very big temperature
coefficient, and as a rule is doubled or trebled for a rise of
10° C. The contact process is no exception to this rule,

and the rate at which sulphur dioxide and oxygen combine
to form sulphur trioxide In presence of a catalyst increases
very rapidly with rising temperature.
The practical que-stion Is whether, at those temperatures

lor which the yield approaches xoo per cent, the reaction
proceeds to equilibrium in a reasonably short time.
Clearly tbe manufacturer might prefer a somewhat lower
yield of the trioxide, combined with a greater rate of re-

action, than an almost quantitative yield with a slow
reaction and tbe extra costs which this would involve.
Such a question must manifestly be decided in favour of

those working conditions which give the best economic
return.

Fortunately, in the case of the contact process, it is

possible to operate with satisfactory speed even at tem-
peratures as low as 400—500", where the percentage yield
is still very high. This possibility is due to the fact that
platinum, in one form or another, is such an efficiei!t

catalyst of the reaction between sulphur dioxide and
oxygen. Other and less efficient catalysts, such as the
ferric oxide obtained by roasting pyrites, can be and are
employed, but the establishment of equilibrium at 400—500°

in such cases would be a very slow and uneconomical
process. When fertic oxide is used as catalyst in

the contact process, tbe balance between yield and rate
of change is struck by working at about 600°. Not
until this temperature is reached does the reaction
in presence of ferric oxide become reasonably rap d.

The yield under these conditions goes down to 60—70
per cent, but against this may be put the fact that
this is achieved by the use of a cheap contact substance.
When ferric oxide is used as the catalyst, as in the
Mannheim process, the unchanged sulphur dioxide may,
after removal of the trioxide by absorption, be passed into

a second converter in which a platinum catalyst is

eniyhyed.
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Another imporlant technical gas reaction which is of

peculiar interest from the standpoint ot these lectures,

and has been of great significance in connection with the
war, is the synthesis of ammonia from nitrogen and
hydrogen. In the case of the sulphuric acid contact
process, the technical development was largely indepen-
dent of and anterior to the application of physico-chemical
principles, however valuable these may now be in

lorinulaiing the influence of varying conditions and in

giving quantitative expression to the possibilities of the
proce.ss. In the synthesis of ammonia, on the other hand,
tne physico-chemical investigation came first, and the
large-scale process now operated is the direct outcome
and development of work carried out on purely scientific

lines.

It has long been known that when electric sparks are

pnssed through ammonia gas for some time it splits up
into the constituent elements, but Deville pointed out
about fifty years ago that even after prolonged sparking
there was still a trace ot ammonia left, as was proved by
the faint white cloud formed when a little hydrogen
chloride gas was mixed with the decomposition products.
Deville further succeeded in showing that a minute
quantity of ammonia is produced whtn a mixture ol

nitrogen and hydrogen is passed through a heated tube.

The real recognition of the decomposition of ammonii
as a reversible reaction came, however, much later, and
the application of the principles of chemical equilibriun:

to this case belongs to quite a recent period. In 1915
Hab-r showed that if ammonia is passed over finely

divided iron at a high temperature (about luoo'^ C.) a sm;>ll

quantify of the gas escapes decomposition ; and, further,

if the residual nitrogen and hydrogen, now freed from
ammonia, is passed over finely-divided iron at the same
temperature as before, fresh ammonia is generated, the
quantity being practically equal to that which escaped
decomposition in the first instance. It is clear, therefore,

that the reaction is a reversible one, and may accordingly

be written Ni t 3H2 sNIIj, although there is no

doubt that at 1000° C. and the ordinary pressure the
equilibiium position lies almost at the system represented

by the left-band side of this equation.

It is instructive and, as it turns out, of the highest
practical significance, to study the influence of changing
pressure and temperature on the ammonia equilibrium. In

this investigation Le Chateliet s principle is again a trust

worthy guide. It has already been stated that in any
reversible chemical reaction which has reached equilibrium
an increase of pressure at constant temperature favours the

torniation of the system occupying the smaller volume, and
shifts the tqui.ibiium in that sense. The application of this

theorem to the ammonia equilibrium N^ t 3H2 r^ 2NH3,

leads to the concluBJon that the equilibrium mixtuie at

any temperatutc will contain a greater proportion of

ammonia when the pressure is high than when it is low.

If the object is to produce ammonia by the union of

hydrogen and nitrogen, then the yield will be increased

by woiking under high pressures.

A more definite formulation of this pressure effect is pos
sible when we turn to the equilibrium constant and expres.'-

ii, not in terms of the equilibrium concentrations of nitrogen,

hydrogen, and ammonia, but in teiins of their equilibrium

partial pressures, />n,, /n., , and/icni On this basis

P'
NH3

Nj H2

const, at a given temperature, or alternatively.

K - ^ . Now, at b i. lempcraturcs /nh is

Nj II.'

knowri to be email CJiii."aitd wiili /n^ or fn,. and so lon^
as th s conrition holds no gtea'. error is invo'ved in

writing ^N^-f /'hj = P, where P is the total pressure of the
three gases. Further, where the nitrogen and hydrogen
have been tak'jn in the volume proportion i : 3, ^ii.j = 3^n.2.
When these relationships are coupled with the equation lor
the equilibrium constant it follows that /mis =o'325K x P-*—that is, the partial pressure of the ammonia in the
equilibrium mixture is, for low concentrations of ammonia,
proportional to the square of the total pressure.
The percentage of ammonia by volume (x) in the

equilibrium mixture will be given by

—

P
X 100 = 0'325 K X P,

and it is therefore to be expected that .r will increase
appro>imately in proportion to the total pressure of the
reaction mixture. This prediction is confirmed by experi
ments in which Haber showed, for example, that the
volume percentage ol ammonia in the equilibrium mixture
at Soo- and a pressure of one atmosphere was about o-oia,
whereas under a pressure of thirty atmospheres at the
same temperature the percentage was o 34 ; i.e., nearly
thirty times as great.

The approximate proportionality between the volume
percentage of ammonia in the equilibrium mixture and the
total pressure is further emphasised by the figures given
below (Haber), which show the exactly calculated in-
fluence of high pressures on the position of equilibrium at
dilierent temperatures. It will be observed, on reference
to these figures, that the proportionality between the
percentage of ammonia and the pressure is most exact
where the values of the former are low. Where these
values become appreciable their increase is somewhat less
than proportional to the rise of pr;ssure.
At an early stage in the experimental investigation it

was recognised that a rise of temperature was inimical to
the conversion of nitrogen and hydrogen into ammonia,
but this is only what could be foreseen on the basis of Le
Chatclier's theorem. For the combination of nitrogen
and hydrogen to form ammonia is accompanied by the
evolution of heat, and sime rise of temperature invariably
shifts an equilibrium in the direction which involves
absorption of heat, it follows that the percentage ol
ammonia obtainable from the two gases diminishes as the
temperature rises.

This may be put more definitely with the help of the
thermodynamic equation

—

''log.- K) ^_ (j

rfT RT2'
already quoted in connection with the sulphur trioxide
equilibrium. If the relation between specific heat and
temperature is known for each of the gases concerned in a
gaseous reaction, the variation of the heat effect Q can
be formulated, for, according to Kirchhofl's theorem.
<IQ = Ci -2, where Ci is the sum of the molecular

specific heats ol the reacting substances at constant pres-
-ere, and C^ is the corresponding quantity for the resulting
products. In the case of the ammonia reaction Ci is the
rue specific heat at constant pressure of a mixture of
h grm. molecule of nitrogen-fr] gim. molecule of hydrogen,
and has been found to be r3 47-fo 00164 '. where t is
temperature centigrade. The quantity C., on the other
hand, is the true specific heat at constant pressure for
I grm. molecule of ainmoiia, and is given by the equation
Cj = 8 62 + 0-0035 <-f 51 xio-T. If these expressions

are inserted in the KirchhofI formula ? = Ci -Cz, and
dt

this is integrated, then

—

Q = Qo-f 4-85/-o'ooo93/' -f/Xio-"/" grm. calories.

The constant Qo represents the heat evolved in the reaction
l4(N.i-f3H2) = NH^ at u-- C, and has been found to be
1095a cal., 80 that the heat effect of the foregoing reaction
at f C. is given by

—

Q-ro950-t-4-85<-o'ooo93i«-i-7xio-"<',
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If this expression for the heat of reaction is put in the

equation

—

d(log, K[ ^ _ Q

and the latter is then integrated, a formula is finally

obtained which represents the equilibrium constant of the

ammonia reaction as a function of temperature. The
formula so found by Haber is

—

logio K 2-5088_ 2098

logio T-o 0001006 T + o-t86 X 10- « T' + 2 i.

The valuee of K calculated in this way are in remarkably

good agreement with the experimental determinations of

the ammonia equilibrium, as is shown, for example, by the

measurements made at thirty atmospheres pressures and

various temperatures :
—

re.

561°
620°

700°

722°

8ot'=

goi"

952=

K < 10* found.

21-3

12 6

680
5-82

3-56

2 13
1-68

To be contiDued).

[ .: 0' calc.

21-5

12 7
6 88

5-92

3 00
211
1-66

PRODUCTION Ob"

THE
NITROGEN COMPOUNDS.

By JACK P. MONTGOMERY, Depament Chemibtry
and Chemical Engineering, University of Alabama.

(Concluded from p. 164).

Pyoduction nojv Normal.

It is estimated that the production of nitrogen compounds
by the two ammonia fixation ptecesses and from the dis-

tillation of coal have now reached the annual rate,

calculated on the comparative basis of nitrogen and not

differentiating the various compounds, for the synthetic

processes 100,000 tons, coal distillation 300,000 tons, and
cyanamide process 325,000 tons. This is about equal to

the total annual amount of nitrogen used in the world

prior to 1914.
Nitric acid is now made by three methods, from sodium

nitrate by distillation with sulphuric acid, by the oxidation

of ammonia, and by the direct oxidation of atmospheric

nitrogen. The strongest nitric acid of commerce is made
by distilling sodium nitrate with sulphuric acid. In fact

this is the only convenient or workable method for making
the concentrated acid suitable for nitrating. The other

methods of making nitric acid give a weak product which
must be concentrated. It is far cheaper to import the

sodium nitrate from Chile and make the concentrated acid

directly from it than to concentrate the dilute acid made
by the other two processes. Until a very few years ago,

certainly prior to the beginning of the present century,

the nitrate beds of Chile were more important that all the

other sources of nitrogen combined, and that source is stil

of greater importance than any other one source o(

nitrogen compounds. In 1914, before the beginning of

the war, the production of Chilean nitrate, including that

used by Germany, was at the annual rate of 3,000,00a

tons, and in 1918, with none going to Germany, the pro

duction was 3,700,000. This sodium nitrate wss used to

a great extent directly as a fertiliser. It was also used,

and particularly during the war, as a source of nitric acid

for use in the manufacture of munitions. Although vast

quantities of nitrates may be made from atmospheric

nitrogen and from the oxidation ol ammonia, sodium
nitrate may be expected to maintain its importance for

many years. It will be used primarily as the source of

the concentrated nitric acid and will not lose its impor-

tance as a fertiliser. The U. S. Department of Agricul-

ture last winter, in spite of the fact that the war was being

prosecuted, made arrangements to sell to the farmers ot

the country a great volume of Chilean nitrate, and during

the present winter even more is to be imported for this

purpose. This is an index of the importance of sodium
nitrate as a fertiliser and evidence that it is not in danger

of being forced into obscurity.

Direct Oxidation of Nitrogen.

The direct oxidation of ths nitrogen of the air in the

manufacture of nitric acid constitutes the remaining
method for the fixation of atmospheric nitrogen to be
described. As long ago as 1785 Cavendish noted that

oxides of nitrogen could be obtained by passing an electric

spark through air in an inclosed space. It is a matter of

record that he made dilute nitric acid by this process. In

igor Bradley and Lovejoy established at Niagara Falls a

factory using this method of making nitric acid from

atmospheric nitrogen. Their apparatus consisted of two
concentric cylinders carrying platinum electrodes regularly

spaced on the inside surface of the outer cylinder and on
the outside surface of the inner cylinder. The apparatus

was so arranged that as the inner cylinder revolved arcs

were sprung between adjacent electrodes on the two
cylinders, and as the electrodes moved apart the arcs were
strung out until they were extinguished. Air was passed

through the space in which the arcs wete formed and some
nitric oxide was produced. This was oxidised further to

nitrogen peroxide, which was absorbed in towers, forming
nitric acid, with water. This apparatus did not prove

a commercial success, but paved the way for other

attempts.
Birkeland and Eyde met with better success in Norway

and their work was improved upon by Schonherr and by
Paulding. In each of these processes there are devices to

cause the production of large arcs with large surfaces

through which the air is forced at a regular rate. The
first reaction is represented by the equation

—

N.-f-O, 2NO.

Ckemicnl Engineer, xxvii., No, 2.

It was formerly thought that the nitrij oxiJe was pro-

duced by a thermal eftect, but it has been recently shown
that the forward action in the above equilibrium is induced
by the electrical effect, while the backward action, involviofj

the decomposition of the nitric oxide, is thermal. A study

of the equilibrium conditions in the above system revealed

the fact that if the gases were not cooled with great

rapidity the backward action is fast enough to undo the

work of the arc to such an extent that the process could

not be a success. This, in fact, was the key to the solu-

tion of the whole problem, and the achievements of Birke-

land and Eyde and their associates were due in laige

measure to the p ovisions made for tapidly cooling the

mixture issuing from the furnaces in which the air had
passing through the arcs. This cooling is accomplished by
passes the gases through the tubes ot specially designed

boilers in which the excess heat was used in the produc-

tion of steam. The mixed gases issuing from the boiler

tubes are at about 150° C. and at that temperature the

decomposition of the nitric oxide is negligible. Under these

conditions of rapid cooling the nitric oxide content oi the

gases coming from the arc furnaces may be worked up to

i'5 per cent.

On further cooling the nitric oxide takes up oxygr 11

liom the air according to the equation

—

2N0-f02-> 2N0j

By interaction with water nitric acid is lormtd 4

follows :

—

sNOj-fllaO -> 2HNO, ' Hj
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This interaction occurs in absorption towers and the pro-

duct is dilute nitric acid, which may be neutralised with

lime to form calcium nitrate, which in turn is used as a

fertiliser or as a source of concentrated nitric acid.

Clieaf' Potter not Necessary.

It is popularly believed that tbe arc process for the

direct production of nitric acid from atmospheric nitrogen

can be profitably carried out only where there is cheap

and abundant water power, as is the case in Norway, but,

aj was pointed out above, the success of the process

depends rather upon attention paid to the equilibrium con

ditions. This process is admirably adapted for use where-

ever there is a source of current with an off peak load for

some hours each day. It takes very little time to get the

process under way, and it has been suggested that small

units should be established at a number of hydro electric

power plants where for a part of the day the power is not

being developed or used. Another interesting develop-

ment or extension of this process may be expected in

connection with by-product coke plants which have a large

volume of gas going to w ste. The gas will be used to

operate gas engines, the power from which will be em-
ployed for the generation ol the required current for a small

number of arc furnaces producing nitric acid from atmos-

pheric nitrogen. The nitric acid produced will be neutra-

lised by the ammonia from the by-product plant and the

product will be ammonium nitrate. Thus the bj-product

plant will not only save the cost of the sulphuric acid now
employed for the absorption of the ammonia, but will be

making a valuable product instead.

The present production of nitric acid by the various arc

processes is about 65,000 tons per year. If the suggestions

made concerning the installation of small iinits at various

power plants and at by-product plants are well received by
those in charge of such enterprises we may expect to see

within the next few years a great increase in production of

nitrates by the arc processes.

Synthelic Ammonia Process.

A very recent method for the preparation of nitric acid

has been referred to in the case of the cyanamitie and the

synthetic processes for making ammonia. In the operation

of each of these processes some of the ammonia is oxidised

to nitric acid, which is then combined with the balance of

the ammonia resulting in the formation of ammonium
nitrate. This method is a development of the Ostwald

process for the oxidation of ammonia. In this process a

mixture of ammonia and air in the proportion by volume
ol one of the former to ten of the latter is passed at a high

speed through a platinum gauze heated to about 700° C.

The gauze is made of wire 3 icoo of an inch in diameter

and there are eighty meshes to the inch. The gas is passed

at such a rate that the contact time is about i/ioo of a

second. The platinum gauze is first heated by the passage

of a current, but as the reaction is exothermic it is not

necessary to maintain the heat during tbe oxidation.

If the ammonia and air mixture are passed through too

rai idly the gauze is cooled below the reacting temperature

and the amm nia passes through unchanged. If, on the

other hand, the stream of gas is too slow, the oxidati.>n

may result in the entire loss of nilrogc-n by the formation

of water and elementary nitrogen. The reaction aimed

4NH3-f502 = 4N0-f 6HjO.

A great deal of work has been done to determine the

best temperature, size of the catalyst, speed of the gases,

and conditions of cooling to obtain the highest efficiency.

This process is now so well controlled that an efiijitn-y ol

well over <ju per cent is the usual practice.

What was said in regard to the necessity of rapidly

cooling the niiiic cxide obtained in the a'C process applies

here with equal effect, and the nitric oxid-j obtained by the

cxidation of ammonia is cooled as rapidly as possible and

uitber oxidised to nitrogen peroxide by tbe oxygen of tbe

air. The further details of making nitric acid by this pro-
cess are the same as those already mentioned in the case
of the arc process.

An interesting application of the process for the oxida-
tion of ammonia to nitric oxide is employed in some
modern sulphuric acid plants which produce sulphuric acid
by the chamber proce.ss. Instead of employing sodium
n'ttate as the source ol the oxides ol nitrogen required for
tbe catalyst in this process, a small installation of a
modified Ostwald apparatus is installed and ammonia is

oxidised as needed. This utilisation of ammonia is said
to materially reduce the production cost of ths sulphuric
acid.

To summarise, tbe important compounds of nitrogen
are ammonia and ammonium salts, nitric acid and the
oxides of nitrogen, and the organic nitrogenous materials
produced in agriculture. The sources of these compounds
are Chilean sodium nitrate, bituminous coal, and atmos-
pheric nitrogen. The processes of i.-nportance for the pro-
duction of ammonia ate the "natural" one of obtaining
it as a by-product in the distillation of coal and other
bituminous materials, the synthetic process for utilising
atmospheric nitrogen, and the cyanamide process for
making ammonia indirectly from the nitrogen of the air.

The processes for making the oxides of nitrogen are the
arc process for the fixation of atmospheric nitrogen and
the oxidation of ammonia. Nitric acid is made by the
interaction of nitrogen peroxide with water, the oxide of
nitrogen being obtained by one of the processes just men-
tioned, and by the distillation of a mixture of sulphuric
acid and sodium nitrate. Nitrogenous materials are pro-
duced in agriculture when nitrogenous fertilisers are
employed in the cultivation of crops and in those cases
where by symbiosis the atmospheric nitrogen is directly
employed.

.\s to whether or not man by his efforts has prevented
the nitrogen equilibrium from being upset in the wrong
direction there is now no question. Even with a destruc-
tive war in progress e:iOugh nitrogenous material was
being manufactured or tendered available to maintain the
rate of loss for some time to come. Now that military
demands have so nearly ceased, the supply of nitrogen
compounds is far greater than the apparent immediate
need. Have we gone too far in constructing plants for the
production of nitrogen compounds ? This is a question
which only the future can answer. It is certainly a present
fact that the production of nitrogen compounds is far
greater than any peace demand which we could have
imagined, and yet there are millions of acres of land
which would richly respond to more intensive cultivation
for which our stores of nitrogenous materials should be
used. There must be a period of patient waiting and re-

adjustment, and during this time we may be tempted to
think that we have gone too fat in the production of nitro-
genous materials. But many thoughtful observers predict
that finally there will be a demand for all out present pro-
duction ol nitrogen compounds, and more.
Man sought to maintain the nitrogen balance and to

prevent loss in the supplies of a valuable material. Not
only has he accomplished this but he has added greatly to
the store. This feat, stimulated by the world war, may in

time result in making conditions of living so sure upon the
eaith that we may forget the great destructions that would
ha\ e been impossible but lor nitrogen compounds, and
remember rather the constructive effects of these same com-
pounds in rebuilding the world.

Silvanus Thompson Memorial Lecture. — The
Council of the Kuntgen Society have pleasure in an-
nouncing that the second lecture, entitled " The Electrical
Changes in Active Tissues," will be delivered by Prof.
VV. M. Bayliss, M.A., D.Sc, F.R.S., on Tuesday, Mayg,
igig, at 8 p. in., in the Barnes Hall, at the Royal Society
of Medicine, i, Wimpole Street, London, W. i.



Chemical Nrws,
April II, igi9 '

Extraction of Thallium from Pyrites Flue Dust. 175
NOTE ON THE EXTRACTION OF THALLIUM

FROM PYRITES FLUE DUST.
By GEORGE SISSON and J. S. EDMONDSON.

During the progress of the war the Research Department
of the Ministry of Munitions requested chemical manu-
facturers to investigate their waste products, with a view
to recovering useful substances. They mentioned more
particularly selenium from sulphuric acid works, this

element being valuable on account of its property of
altering its electrical conductivity when subjected to light

of varying colour or intensity. In response to the above
request, we collected for experiment a quantity of dust and
refuse deposited in the flues of the sulphuric acid plant of
the Blaydon Chemical Works. The flues mentioned lead
the sulphur gases from the pyrites kilns into the Glover
concentrating tower, and require to be cleared out periodi-
cally. The kilns are charged with copper pyrites from
Spain. Such pyrites contain perhaps 2 per cent of copper
and small quantities of a large number of other elements.
Some of the constituents, such as arsenic, antimony, tel-

lurium, thallium, selenium, are volatilised or burnt oflf with
the sulphur, the iron, copper, etc., remaining in the burnt
ore. The more volatile constituents, such as the sulphur,
arsenic, and selenium, are carried forward principally
beyond the flue into the Glover tower.
The flue dust itself consists of materials carried over

mechanically such as iron oxide, small quantities of copper
and lead, and volatile substances condensed at the flue

temperature of about 450° C, such as antimony, bismuth,
thallium, &c.

After making several experiments on this material we
failed to separate any appreciable quantity of selenium

;

no doubt the temperature of that part of the plant was
too high for condensation, the hot gases carrying forward
into the sulphuric acid any traces of selenium contained
in the pyrites.

We then turned our attention 10 thallium, which was
known to occur in such deposits. In fact the metal was
descovered in and isolated by Crookes from a similar
deposit from the Harz Mountains ore (Chemical News,
i85i, iii., ig3, 303). Lamy also isolated a specimen from
a lead-chamber deposit in 1862 {Ann. de Chim. [3], Ixvii.,

385)-
Although thallium compounds are somewhat widely dis-

tributed they occur in very small quantities, associated
with other metallic sulphides in various ores, and the flue

dust of sulphuric acid factories is still the only practicable
source. Such dust may contain up to 8 per cent, but only
rarely is more than 0-25 per cent of thallium present.

The quantity of dust we collected was about 15 cwt. in

six months, representing the burning of r5oo tons of
pyrites. Tbe dust contained 0-25 per cent or a total of

4 lb. of thallium, equal to i part per million of pyrites.

The method we used to separate the thallium depends
chiefly upon the sparing solubility of the chloride and the
solubility of the sulphate, the operation being to treat the
dust with boiling water acidified with sulphuric acid in a

wooden or earthenware vessel, using live steam injection
;

on settling, the clear liquid is treated with hydrochloric
acid. The crude chloride precipitate is separated, washed,
and converted into sulphate by heating with strong sul-

phuric acid, the excess of acid is driven ofi, the remaining
sulphate dissolved in water, filtered, and re-precipitated

as chloride. The purified chloride after drying is mixed
with potassium cyanide and sodium carbonate, and fused
in a crucible, care being taken not to use too high a tem-
perature in order to avoid loss by volatilisation. Or the

chloride may be reduced by zinc and the resulting metal
melted in a current of inert gas. Instead of hydrochloric
acid sodium chloride may be used to precipitate the

thallium from the sulphate solution. The crude dust
must be washed repeatedly to extract the whole of the

thallium salt. Several ounces of the metal were obtained
by this method.

An alternative method is to precipitate the thallium as
iodide from the sulphate solution, the iodide being less
soluble than the chloride, but the cost of the iodide is an
objection.

Discussion.

Prof. P. Phillips Bedson suggested that it might be
possible to take advantage of the change of colour which
occurred on heating thallium iodide in determining the
heat of bearings, as had been done in the case of mercuric
iodide. He recalled that in igoi he bad assisted in a
search for thallium among alkali waste materials, but
without success.

Mr. Edmondson, in reply to a question, said that thal-
lium was not found in all samples of pyrites.

—

Journal of
the Society of Chemical Industry, xxxviii., No. 6.

PROCEEDINGS OF SOCIETIES.

ROYAL SOCIETY.
Ordinary Meeting, March 27, igig.

Sir J. J. Thomson, O.M., President, in the Chair.

The following papers were read :—
" The Morphology and Evolution 0) the Ambulacrum in

the Echinoideix.'" By H. L. Hawkins.
A summarised account of the ambulacra in non-

Hoelectypoid orders is given. Bothriocidaris shows the
simplest type of structure, and the most efficient for
coronal strength. As podia increased, ambulacral plates
multiplied, and the areas became mechanically weak. The
main podial function in Regular Echinoids being adhesive,
coronal weakness demanded modification. In most
Palaeozoic types, general flexibility neutralised local weak-
ness

;
but with the adoption of rigidity the problem re-

appeared. Hence arose "plate complexity."
The formation of compound plates is discussed.

"Grouping" precedes, and is distinct from, combination!
Plate-reduction is due to "growth-pressure "

; combination
to tubercle-growth. Elaboration of combination culminates
in the Echinometridae, where the compounds regain
"Bothriocidaroid " proportions.

In Irregular Echinoids no combination occurs
; grouping

is often developed. Secondary specialisation in Spatangids
produces " Palaeozoic " structuies.
The Holectypoida show four ambulacral types :—

(i.) Plesiechinid (triad - groups adorally, primaries
adapically)

;

(li.) Pygasterid (primaries throughout)

;

(iii.) Pyrinid (triad-groups throughout)
;

(iv.j Discoidiid (triad groups adorally, dyad-groups
adapically).

Plesiechinid is primitive, and resembles the early
Acrosaleniid type. Pygasterid indicates simplification,
being morphogenetically transitional from Diademoid to
Spatangid structure. Pyrinid is persistent, resembling the
" Echinoid " structure of Diademoids. Discoidiid is
exceedingly elaborate, showing extreme plate-reduction.
The Cassiduloidea are divided into Nucleolitoida and

Cassiduloida (restr.). The former is related to the
Pygasterid.e

;
its simpler members have Plesiechinid

ambulacra, and Holectypoid structures appear in later
forms. The Cassiduloida evolved through the
EchinoneidcE.
There are three main trends of evolution in Echinoid

ambulacra
:— (i.) Diademoid, attainingplate-combination

;

(11.) Clypeastroid, attaining plate-destruction ; and (iii.)

Spatangoid, reversionary.

" The Genesis of
McCarrison, M.D.

(Edema in Berib: V>v K.
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CHEMICAL SOClliTY.

Ordinary Ucciing, March 6, 1919.

3i( William J. Pope, K.B.E., F.R.S., Ptesident,

in the Chair.

The President announced that Piof. Dr. T. Schlcesing,

who was elecied an Honorary and Foreign Member on
June 16, 1893, died on February S last, and that Mr. Harry
Sbulman, who was elected a Feliow on February iS, 1915,
had died on February 22.

Messrs. G. J. Woods, F. C. Savage, N. Makower, R.

Bickniore, G. Higson, W. A. Nash, B. K. Heasinan, C.

Uiamond, F. Peet, and W. C Peck were formally admitted

as Fellows of the Chemical Society.

\The names of the Fellows recommended by the Council

for election as Officers and as Ordinary Members of

Council for 1919-1920 were read from the Chair.

Certificates were read for the first time in favour of

William Herbert Fletcher .Armstrong, B A., Kbaisa

College, Amtitsa, India ; Walter Halton Crouch, by,

Wellington Road, Wanstead, lisscx
; James Ross Fraser,

ij, Archibald Road, Tufnell Park, N. 7; James Edward
Grainger, Lennards, Rainham, Essex; Jjhn Henry
Haivey, Ravensworth, Llantarnam, Newport, Mon.

;

George Aimand Robert Kon, B.A., 79, Cromwell Road,
S.W. 7 ; Waller Shepherd, 103, Spoiland Road, Rochdale;
Walter Bernard Smith, B.Sc, Marlboiough College,

Wilts ; Ernest Henry Stenning, King William's College,

Is'e ol Man ; Frederick Thomas Stevenson, 4S, Strnthnairn

Street, Bermondsey, S.E. ; Ralph William Ewait
Stickings, B.Sc, Soudl:y House, Wandle Road, Morden,
Mitcham ; Stanley Goulden Thompson, i, Thorn Bank,
Manchester Road, Buxton, Derbyshire; Harold George
Tribley, Yetminster, Sherborne, Dorset ; Albert Edward
Wallis, " Hillside," Sunbridge, Sevenoaks, Kent.

A certificate for election has been authorised by the

Council for presentation to ballot under By-law I. (3) in

favour of David M. Davies, H.M.S. Cyclops, care of

G.P.O.
Prof. J. W. Nicholson, M.A., D.Sc, F.R.S., then

delivered his lecture, entitled "Emission Spectra and
Atomic Structure."

A vote of thanks to Prof. Nicholson for his lecture, pro-

posed by Prof. W. H. Braso, F.R.S., and seconded by
Sir James Dobbie, F.R.S., was carried with acclamation.

Urdiiutry Meetiiif;, March 20, 1919.

Sir William J. Poi'E, K.B.E., F.R.S., President,

in the Chair.

Certificates were read for the first time in favour of

William Henry Barrett, Rossall School, Fleetwood
;

Robert Macfatlane Clark, B.Sc, 138, Bath S'.rect,

Glasgow ; Harry Eade Dear, B.Sc, Littlecote, Wide-
mouth Bay, Bude, Cornwall ; Surindra Nath Dey, B A.,

38/1, Nilmony Mitter Street, Beadon Square, P.O.,

Calcutta, India ; Reginald Gordon Doyle, 2», Newlands
Park, Sydenham, S.E. 26; Frederick Freeth, 17, Victoria

Road, Stockton Healh, Cheshire ; Frederick John Spencer

Hall, -t, York Road, Forest Gate, E. 7 ; Edward John
Jones, 8, Windsor Street, Uplands, Swansea ; I'rtdeiick

George Mann, B.Sc, 21, Thutlby Road, \V. Norwood,
S.E. 27 ; George Stanley Withers Marlow, B.Sc, 37,
CoUington Road, Sydenham, S.E. 26; Frank Matthews,

B.Sc, 12, Hurlingham Court Mansions, S.W. ii
; James

Morris, 23, Brynymor Crescent, Swansea ; Marriappa

Parthasarathy, 21, Maligakande, Colombo, Ceylon; John
David McBeath Ross, M.A., B.Sc, g, Ruskin Walk,

Heme Hill, S.E. 24 ; Kalyan Chennakesava Stinivasan,

M.A., Niton, 34, Pycroft's Road, Madras, S.E., S. India
;

Cyril Heath Stephenson, B.A., Datley Green, Knowle,
Warwickeblte ; Ernest Turner, B.Sc, 28, Shrewsbury

Terrace, South Shields ; Walter Wahl, Academy, Abo,
Finland ; Orr Walker, 29, Camden Street, Belfast.

The following papers were read :
—

"The Rotatory Dispersive Power of Organic Com-
pounds. Part IX. Simple Rotatory Dispersion in the
Terpene Ssries." By T. M. Lowrv and H. H. Abram.

" The Formation and Stability of s^tru-Compounds.
Pan II. Bridged i/'ifo compounds Derived from cyclo-

hexane." By C. K. Ingold and J. F. Thorpe.

SOCIETY OF PUBLIC ANALYSTS AND
OTHER ANALYTICAL CHEMISTS.

Urdiiiury Meeting, April 2, 1919.

Dr. Sa.ml-|;i, Kiueal. President, in the Chair.

CtRTii ICATES were read for the first time in favour o(

Messrs. Cnarles Frederick L"e Barber, A.I.C. ; George
Stanley Withers Marlow, B.Sc, F.I.C. ; Frederick
William Read.

Certificates were read for the second time in fav.iur of

Messrs. Madanlal Jekisandas Gsjjar ; James Sorley, F.I.C.

The following w=re elected members of the Society :
—

Messrs. Robert Odell Bishop, A.I.C. ; Hubert Wil'iam
Bywatets, D Sc, F.I.C, Ph.D. ; Barnard Scott Evans,
M C, B.Sc.Lond., F.I.C; Frank Scott Fowweather,
M.Sc, A.I.C. ; Robert Atkinson OJdy ; William Branch
Pollard ; Charles Kenneth Tinkler, D.Sc, F.I.C.

The following papers were read :

—

" A Method for the Determination 0/ Monochlorbenzene
i>j Mixtures containing Bensene, Monochlorbenzene, and
Dichlorhenzene:' By N. G. S. COPPIN, M.Sc, A.I.C,
and F. Holt, O.B.E., M.Sc, A.I.C.

The method is based upon Mr. D. Northall-Laurie's
" Determination of Toluene in Commercial Toluols

"

(Analyst, 1915, xl., 384). 200 cc of the dried sample are

distilled at the rate of 7 cc. per minute ; the fust 50 cc. ate

collected, and after collecting a further luu cc. exactly,

the distillation is slopped. The first 50 cc. and the 50 cc.

residue are each tested in special constant boiling-point

flasks. From the boiling-points the percentages by weight

of the constituents are read off from a graph.

The method gives direct results with an accuracy of u i

per cent for all mixtures containing from 50 to 100 per

cent of monochlorbenzene.

" The Electrical Conductivity of Milk." By J. H.
CosTE, F.I.C, and E. T. Shelbourne, F.I.C.

The examination of over 200 samples of milk shows
that the conductivity is not sufficiently well defined to be
useful as an analytical datum except for milks which have
been examined by this means before incurring the risk of

dilution. The relation between conductivity and tem-

perature, non-fatty solids, ash, chlorion content, and free

acid, and the ettect of dilution, have been examined. It

is pointed out that the results obtained are consistent with

the explanation given by L. C Jackson and A. C H.
Rothera that the conductivity is dependent on the extent

to which the constant osmotic pressure of milk is due to

electrolysis with which the milk sugar is complementary.

" Note on Soluble Lead tn the Glaze 0/ Casseroles." By
Hllen Masters, B.Sc

Casseroles of various descriptions, particularly sonic

said to be of French make, were found to yield consider-

able proportions of lead on treatment with 4 per cent

acetic acid, and with dilute solutions of other acids such

as would be present in certain cooking operations. The
soluble lead is not all extracted by one operation, but after

two or tbiee treatments each subsequent treatment appears

to yield a fairly constant quantity.
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SOCIETY OF GLASS TECHNOLOGY.

The March meeting of the above Society was held in the

Univeisity (Mason College), Birmingham, on Wednesday,
March 18.

Alter the usual formal business, the following paper was
read :

—

" The Preparation of Raw Materials for, and the Casting

at, Glass Pots." By B. J. Allen.
i he author dealt first of all with the deflocculation of

clays, and showed how it could be accomplished by elec-

trical treatment. He described a simple apparatus for

testing clays to show their suitability under this electrical

treatment. His experiments have proved that many
common fire-clays altogether unsuited in their ordinary

state for the manufacture of refractories could by the

above treatment be made to produce a large proportion of

highly satisfactory material fit to meet the specification

for high grade work.
Mr. Allen dealt briefly with the manufacture of pots by

the old method of building by hand, and dwelt briefly on

the limitations of this method. It is most difficult for the

pot maker to guarantee a perfectly united homogeneous
pot. It is very essential that clay and the grog be in

intimate contact in the finished pot, and this is ensured by

the casting of the pot. He then went on to describe in

detail the preparation of slip and subsequent casting of

pots. He also described in detail different types of pots.

The lecture was well illustrated by lantern slides and

specimens, and the lecturer gave it as his opinion that

research on all these matters should be carried out by the

Society.

During the morning, members, at the kind invitation of

the Directors in each case, had the opportunity of visiting

Messrs. Icknield Glass Works (Osiers), Ltd., Freeth

Street, Birmingham, and Messrs. P. Btanscomb, Glass

(Bottle) Works, Adderley Street, Birmingham
The members are reminded that the annual general

meeting will take place at the University on April 16.

OBITUARY.

Sir JAMhb M.^CKENZIE DAVIDSON.

We regret to have to announce the dejth ol Sir James
Mackenzie Davidson, M.B., CM., whicii took place at

his residence, 26, Park Crescent, Portland Place, on
April 2nd.

Sir James was for m iny years Consulting Surgeon to the

Rontgen Ray Department of the Charing Cross Hospital.

He took a very prominent part in the early development
of the medical application of X rays, and was among the

first to recognise their value in Surgery, becoming one of

the most enthusiastic workers in the science. His
method of localisation laid the foundation of all subse-

quent development in this most important branch of

X-ray work, and his apparatus is indispensable in practical

radiography.

Sir James's researches upon X rays, radium, and allied

phenomena are very extensive ; among the more important

are— Stereoscopic Radiography and Fluoroscopy, Precise

Methods of Localisation of Foreign Bodies in the Eye,
contributions to the Physics of the X-Ray, and a Mercury
Interrupter for Induction Coils.

His laboratory was always full of interesting work, and
he spared no pains or e.xpense in developing his many
inventions, working with his own hands.

His well-merited Knighthood was conferred upon him in

recognition ol his work in the application of X-rays to

Medical Science. His striking personality and genial

manner will cause him to be greatly missed in his large

circle of collaborators.

NOTES.

At the meeting held at the College of Technology,
Manchester, on January 17, igig, a paper was read by
Mr. Joseph Barnes, on " The Properties ard Uses of

Some Titanium Compounds," chiefly with regard to its

interest to dyers and colotists. The value of titanium

compounds in the dyeing industry was recognised by the

author forty years ago, who found that this element as

well as zirconium gave colour reactions very Hke alumina.

At that time titanium was looked upon as one of the rare

elements, but its abundance and wide distribution has since

been recognised, and it has been classed by F. W.jClarke
as twice as plentiful as carbon. Large quantities of

titanium sails are used by leather dressers. The more im-

portant salts used are titanium sodium sulphate, titanium

potassium oxalate, titanium-tanno-oxalate. The speci-

mens dyed by the aid of titanium that were exhibited by
the author were greatly admired.

Investigations carried out by W. E. Tottingham at the

Wisconsin Agricultural Experiment Station, Madison,
U.S.A., show that during the change in a fermenting
mixture of cow and horse manure an increase in nitrogen

was apparent after three and four weeks, the increase

being much greater in straw-littered than in unlittered

manure. The results showed that the manure contained
nitrogen-fixing bacteria of considerable activity, especially

when mixed with straw. The chief agent in nitrogen

fixation is said to be Bacterium azophile, n. sp.

One thing that the war has brought v;ry much into

prominence is the preparation of "substitutes." Germany
in particular has specialised in this direction. A substitute

for milk appears to have been the following : — 250 grms.
of ground sweet almonds to a litre of water. From the

physical, chemical, and alimentary point of view, it

approaches very nearly cow's milk. No difference can be

perceived when used with tea or coffee. The most suit-

able after sweet almonds are Brazilian nuts. The follow-

ing fruits can also be employed, but are not so suitable :
—

Soya bean^, earth nuts, walnuts, cocoanuts, hazel-nuts,

and acajou nuts.

Prot. Andrew Grey's new treatise on Gyrostatics and
Rotational .Motion is an extremely interesting and valuable

publication that we hope to review later. The gyroscope
has played an important part in military and naval devices

during the war and is likely to be applied to many purposes
in the future. The very full practical and theoretical

treatment of the subject by Prof. Grey, whofe work is

well known, is likely to be of great use.

M. Cesari (Veterinarie-major) has made some experi-

ments upon the substitution of albumen from horse blood

for white of egg in cooking. Omelettes, rice cake,

waftles, &c., in which serum replaced white of egg, were
pronounced very good. It was pointed out that 10 litres

of serum, at a cost of about is. 6d., would replace the

whites of 200 eg^s worth at least 24s.

The spring meeting of the American Chemical Society

will be held in Buffalo early in April. A full and inter-

esting programme has been arranged, in which both social

and official functions appear to be well proportioned. The
secretary makes a strong appeal for the enrolment of new
members, suggesting that " a chemist who is not a member
of the American Chemical Society must feel lonesome."

The struggle between M. Pasteur and the medical pro-

fession in the early days of his career is well known, and

"The Life of Pasteur," by Rene Vallery-Radot, and other

works, give full accounts of that wonderful fight. But it

is interesting to read that the story has been dramatised at

the Vaudeville Theatre, Paris, in a five act play, and is

said to have had a very favourable reception, which is all

the mote remarkable owing to the curious nature of the

piece without a plot or a female character, the "human
interest ' being the stiuggle and victory of the scientist.
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The estimated consumption of soda-ash in Canada is

now 50,000 tons. Djcing the past four years the lack of

sodaash has been felt by a great many of our industries.

They were entirely dependent on foreign supplies. Most
of the soda-ash used in Canada came from England, and,

with the war, Canada was practically shut off from

supplies. Now, however, the Brunner, Mond, Canada,

Limited, have their new plant at Amherstburg, Ont., prac-

tically completed, and they are in a position to supply

Canadian requirements. They are using the " Solvay

Process," by which practically all the soda-ash now pro-

duced is made. The town of Amherstburg is well

situated, and the raw products— salt, limestone, and

ammonia—are easily available. A tract of land of 650

acres was secured, and a main building, 170 by igo feet

and ten stories high, was erected. The plant has one of

the largest lime kilns known, being 80 feet high. Taken
altogether, it is one of the most complete soda-ssh plants

in the world, and is designed in such a way that the

capacity may be readily increased with the demand. The
company produces its own power, and obtains its salt from

wells practically at the plant. The limestone used is also

taken from quarries on the property. The produced soda-

ash is of general use in the manufacture of glass, soap,

paper, wood-pulp, paints, leather, enamelled ware,

cleansers, textiles, oil refining, metal working, and metal-

lurgical operations, washing powders, chemicals, and

drugs.

The March issue of The Iiidustriiil League yournal

includes a twelve page supplement of an address by The
Rt. Hon. G. N. Barnes, M.P., to managers and foremen

on " Industrial Matters." Mr. H. Blain, of the London

Underground Railways, contributes a very interesting

article on " Industrial Honour." There are special con-

tributions from Mr. Woodman Burbidge, Sir Eric Geddes,

R. Young, M.P., The Rt. Hon, Q. H. Roberts, M.P.

(Food Controller), Prof. Kitkaldy, W. C. Bridgman, M.P.

(Parliamentary Secretary Board of Trade), Sir William

Bull, M.P., G. J. Wardle, M.P. (Parliamentary Secretary,

Ministry of Labour), and Tom Shaw, M.P. An article on

•'League of Nations" and "Industrial Unity" is contri-

buted by Major The Hon. Waldorf Astor, M P. There is

also a full account of the splendid donation of £20,000 by

Colonel Sit William Dupree towards creating industrial

harmony. Altogether the Journal maintains its very in-

teresting character.

The Decimal Associaticn, 212 and 213, Finsbury

Pavement House, are issuing quarterly an interesting

little booklet, "The Decimal Educator." In a circular

letter they state :—" There is a general consensus of

opinion that the reform in British coinage and weights and

measures for which we are working should be taken in

hand during the period of reconstruction. To enable us

60 to educate public opinion that this object should be

attained, we require the help and co-operation of all who

are in favour of our aims, and I hope, therefore, that you

will see your way to becoming a member of the Decimal

Association. Pamphlets giving the arguments which we

put forward in support of out demand for reform will be

gladly sent to anyone applying for them."

The Eastern Kodak Company have undertaken the

preparation of a very complete series of pure chemicals,

chiefly those used in photography. The list is very full

and the supply will be of great use to those occupied in

photographic research. They will probably be available

in this country.

Mr. G. G. Blake, Assoc.!. E.E., in the Archives of

Radiolooy and Electrotherapy describes a simple method

of obtafning static electricity from an induction coil. A
diagram of the apparatus used is here given. R is a glass

tube containing a solution of alcohol and water
;

it is

fitted with two terminal electrodes, ij and w, the latter

being connected to one of the secondary leriiiinaU of an

induction coil s, its other electrode <3 terminates r a blunt

point 1'. The prime conductor of the machine consists of
two metal spheres, l and n (about 2 in. diameter), con-
nected to one another by means of a fine wire inductance
or choke 1 ; by raising or lowering the resistance tube R,

the distance between point p and sphere L can be varied.

The inductance is introduced here to damp out any high-

frequency oscillations that may be set up. It is well

known that such oscillations are always produced when a

L I K

E

spark passes between two eletrodes, they are in fact the
origin of Hertzian waves. That this choke has a beneficial

effect was actually tested by experiment. It is important
to connect the other terminal of the secondary of the

induction coil to earth, as shown at e. This has the effect

of increasing the intensity of the discharges, and at the
same time it helps to prevent the production of inverse

current, consequently purer discharges are obtained. In
the initial stages of the experiments the secondary termi-

nal of the coil was earthed through a condenser and not
directly.

NOTES FROM FOREIGN SOURCES.

Thermic Decomposition of certain Inorganic
Trinitrides.— E. Moles.—In igi6 Tiede (Ber., xlix., 1742)
published an account of a study of the thermic decom-
position of metallic trinitrides in vacuo. He gave the
initial temperature of decomposition and that of the
regular liberation of nitrogen for the azides of K, Na,
Rb, Cs, Ba, Sr, and Ca, and stated that the decomposi-
tion is quantitati\'e for all these compounds, the N^ set

free is very pure, and that the metal is deposited in the
form of a mirror in the case of the alkaline metals, and
as a blackish powder in the case of the metals of the

(alkaline earths. These results suggested to the author
he idea of applying the thermic decomposition of the

azides in the revision of the atomic weights of these
metaU. Values would thus be obtained which were quite

independent of that of the atomic weight of Ag, and the

value for N would be established with an accuracy ex-

ceeding + 1/14000. He found that the initial tempera-
ture of decomposition of AgNj is about 300^ and that then
the gas is evolved very regularly at 280". But later ex-

periments showed that the decomposition is not as perfect

as had been imagined, the weight of the metal obtained
by difference being aUvayR too great. The value obtained
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(or sodium were 23'024, 23'o86, 23'io. The author is

studying the decomposition of NaN3 and KN3 and intends

to continue these researches on the revision of atomic
weights of the metal of the alkalis and alkaline earths.

—

yournal de Chimie Physique, 1918, xvi., 401.

Oxidation of Nitric Oxide by Dry Air.—Andre
Sanfourche.—The reaction between nitric oxide and dry

air takes place in two stages, with very different velocities
;

the first, whirh is extremely short, corresponds to the

formation of nitrous anhydride N2O3, while the second

and longer stage leads to the formation of peroxide N2O4.
At the ordinary temperature the velocity of both reactions

has been shown by the author and M. P. Jolibois (Comptes
Rendus, 1919, clxviii., 235) to be not appreciably in-

fluenced by the proportion of air. The author has now
studied the influence of temperatures lying between - 50°

and 525° upon the same velocity. The results show that

the temperature does not appear to have any effect upon
the very great velocityof the reaction 2NO+ 02 = 2N203,
which is complete in a fraction of a second, but on the

other hand it profoundly modifies the course of the

reaction 2N2O3 + O2 + 2N2O4 (or 4NO2). This reaction,

which is also very rapid below 0°, is complete up to about
200°, but occurs more and more slowly, this difference

being possibly connected with the dissociation of NjO,.
Above 200° there is a tendency to establish the equilibrium

2Nj03+ 02 ^1 4NO2. The displacement of the equili-

brium lakes place from right to left as the temperature is

raised from 200 to 600°.- Comptes Rendus, 1919, clxviii.,

307-

Precipitated Amorphous Silica.— P. Biaesco.— Pre-

cipitated and calcined silica has usually been known under

the name " amorphous silica." The only reason for re-

garding it »s amorphous is that no crystals of definite form

can be distinguished, either with the naked eye or under

the microscope. But it is well known that similar preci-

pitates, like so-called amorphous barium sulphate, are

really crystallised, and the author has investigated the

true nature of " amoiphous" silica by determining some
of its physical properties. Measurements of its dilatation

were performed, using Chevenard's apparatus and starting

either with silica obtained by the decomposition of sodium
silicate with hydrochloric acid, or else with silica obtained

by the decomposition of silicon fluoride with water. In

both cases the results obtained were the same. When
silica is precipitated, dehydrated, and heated only to 600''

it behaves exactly like vitreous silica, and has the same
low coefficient of dilatation. It is thus true amorphous

silica. But when it is precipitated and calcined at a tem-

perature above 1000° there is an abrupt change of dilata-

tion between 220° and 240°, and silica calcined above 1000°

is not amorphous silica, but crystallised silica of the

cristobalite variety.— Com^<es Rendus, 1919, clxviii., 343.

Action of Alkalis on Crucibles made of Allo^s of

Platinum and Gold.— Paul Nicolardot and Claude

Cbatelot.—These experiments were performed in order to

find out whether new platinum is less attacked than old

platinum when alkalis are fused with it, and whether

the presence of iridium increases or decreases its resistance

to the same alkalis. The fusions were all carried out

similarly, 5 grms. of alkali being used, and the process

occupied ten minutes, the source of heat being a spirit

lamp. The crucibles were first weighed, then the fusion

was carried out, and they were then washed with v/ater

and dried. They were found to have lost weight, and their

clean shining surface had been blackened. This black

deposit disappears on treatment with hydrochloric acid.

The loss of weight of metal is considerable, and is always

greater when potash is used than with soda. New
crucibles are more resistant than old ones, and the pre-

sence of iridium does not increase the resistance, but rather

the reverse. The presence of copper does not seem to be

as dekterions as that of iridium.

—

Bulletin de hi Sociele

Chimi^ue de France, 1919, xxv.-xxvi., 4.

Determination of Zirconium.—Paul Nicolardot and
Antoine Reglade.—The formation of a phosphate in an
acid medium has been used by Hillebrand to analyse
zircons, and it seemed to be of interest to find out whether
the precipitation of zirconium is really complete in presence
of iron, chromium, and aluminium. The reaction would
be characteristic of zirconium, since bismuth, which is

very rarely associated with it, is the only element which
could be determined in these conditions. The authors
have carried out a series of tests to determine the effect
of the acidity of the solutions of foreign salts and of the
time of contact with the reagents before filtration. The
salt used was pure nitrate of zirconium, and the foreign
salts added were those of iron, aluminium, and chromium.
The results showed that ammonium phosphate in an acid
medium (20 per cent at least of sulphuric acid) is a charac-
teristic reagent for zirconium in presence of iron,
aluminium, and chromium, and bismuth is the only other
element -which is precipitated in these conditions.
Comptes Rendus, 1919, clxviii., 348.

Cycle of Oxidation of Nitrogen Dioxide in
Presence of Water.—Andre Sanfourche.—The reaction
which is generally supposed to take place between nitrogEn
peroxide and water can be representee by the equation
3N204 + 2H20 = 4HN03-)-2NO. The study of the velocity
of oxidation of nitrogen dioxide, however, suggests that
nitrous anhydride may play some part in the reaction, and
this hypothesis can be verified by bringing into intimate
contact vapour of nitrogen peroxide mixed with an excess
of air and water or more or less diluted nitric acid. The
experiments show that in the oxidation of nitrogen
dioxide in presence of water nitrous anhydride is the
intermediate product and not nitrogen peroxide. Nitrous
anhydride is oxidised by nitric acid of sufficient concen-
tration with formation of nitrogen peroxide and water
this reaction is limited by the inverse reaction. Thus there
must be equilibrium for a certain concentration of nitric
acid, and experiments show that this concentration is in
the neighbourhood of 50 per ctnl.— Comptes Rendus,
1919, clxviii., 401.

Substitutes for Platinum in Electrolytic Ap-
paratus. Paul Nicolardot and Jean Boudet.- Metals or
alloys which are to be used to replace platinum in
electrolytic apparatus must be unalterable even in moist
warm air containing sulphuretted hydrogen. They must
be able to be washed with water and dried without change
of weight, and must resist the action of pure nitric acid.
They must remain unaltered during electrolysis in the
liquids generally employed—sulphuric and dilute nitric
acids, dilute ammonia, aqueous solutions of sodium
sulphide and cyanide. They must also possess the
mechanical qualities necessary to enable them to be
worked up into the usual shapes of electrodes. Various
commercial alloys have been investigated by the authors
for the purpose, and they have found that the most suit-
able is an alloy of gold containing—gold, 920 parts;
silver, 50 parts

; copper, 30 parts. It is very resistant
towards nitric acid. In the case of the anode the surface
must be covered with a very thin layer of platinum (o 005
grm. per square cm.) by electrolysis, to protect it against
oxidation. The alloy can be used as such for the
znbode.—Bulletin de la Societe Cliimique de France,
1918, xxiii.-xxiv., 387.

MISCELLANEOUS.

Atoms, Electrons, and Valency.—With the more
rscent views of the disintegration af matter, chiefly the
result of the discovery of radium, the electropositive and
negative character of the elements come into play. The
constancy of mass and weight are involved in their dis-

integration, and a dual variable electric character might
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be ascribed to the elements. »\'ith regard to mass the

measure ot which is weight, the force ot gravity, there is

still needed an efficient theory of this force, and, admitting

the disintegration of matter, such factors as atomic heat

and gas volumes are more the essential properties of the

atoms. If the atomic weights are considered in relation

to the periodic law, most attention has been given to the

relationship existing in the several groups. The increase

of atomic weight in the horizontial period* may have some
relation to valency, and in the latter half of the periodic

table the halogens which, classed as heptads, arc mono-

valent with the a'.kali metals in the first halt, valency being

a more complex function of the constitution of ihe

elements. Taking the increase of aioinic w,:ig.T; a>

afTecting valency, in the periods and the group relationship

as to weight, atomic volumes introduce the conception of

space. The views of the disi/itegration of matter may be

advanced not only by considering the radium elements

but ionisation in liquids and the electric discharge in

rarefied gases. -J. C. Thomlinson.

Geological Society.—At the .\nnual Meeting, held

Fcbtuaty 21, the following Medals and Awards were

pres'jnted :
—

Sir Aubrey Strahan, K.B.E.—The Wollaston Medal.

Miss Gertri'DE L. Eli-es, Sc.D.—The Murchison
Medal.

William Fraskr Hume, D.S:.—The Lyell Medal.

Major Sir Douglas Mawson, D.Sc— The Bigsby

Medal.
Alexander Logie Ov Toit, D.Sc— Balance of the

Proceeds ot the WoUiston Donation Fund.

Mrs. Eleanor M. Reiu, B.Sc— Balance of the Proceeds

of the Murchison Geological Fund.

Mr. John Pringle.— Moiety of the Balance of the

Proceeds of the Lyell Geological Fund.

Stanley Smith, D.Sc.—Other moiety of the Balance

cf the Proceeds of the L)ell Geological Fund.

Royal Institution. — .\ General Meeting of the

Members of the Royal Institution was held on the 7th

inst.. Sir James Crichton Browne, Treasurer and Vice-

President, in the Chair. The decease of Sir James

Mackenzie Davidson, a .Member and a Manager of the

KDyal Institution, was announced, and a Resolution ol

Condolence with Lady M.icker.zie Davidson ar.d t :
•

Family was passed. Miss A. Campbell, Dr. C. B. D
Campbell, Mrs. E. H. Campbell, Mr. J D. Camob^U,

Mr. R. G. Campbell, Mrs. E. D^vies, Miss H. M.

Douglas. Mr. G. K. B. Elphinstone, Mr. J. W. Evans,

Mr. C. W. Hawksley, Captain A. J. Holhck, Lord Leigh,

Miss I. H. Mjnd, and Mr. R. A. Yule were elected

Members.

Oxygen a Revolutioniscr of Industry.—(From the

Technical Supplement, Feb. 18).—Dje to the r,ijiid growth

of the nitrate industry based on the fixation of atmospheric

nitrogen, the cost of oxygen has fallen enormously since

the outbreak of the war. This great achievement in

science, whereby oxygen is made a by-product of an im-

portant manufacture, is likely to work a revolution in

industry. The uses of oxygen, when cheaply produced,

ate almost endless. Gas manufictuters will not be alow

to utilise it to increase the light ol their burners where a

strong illumination is required ; for that purpose new
forms ol burners will be called for. In metallurgical

operations a small percentage ol oxygen blown into the

furnaces will raise the temperature considerably. In such

cases it will allow inferior and cheaper qualities ol coal to

be used. Carbide of calcium svill b;: produced in the

blast-furnace by a purely thermic method. Alumina will

be reduced by carbon, .•\uriferous quartz will be melted.

The glass industry will be revolutionised by the easy fusing

of all forms of quartz. A new chemiitry, viz., that of the

electric furnace, will be created. The manufacture ol

sulphuric acid will be much accelerated by the powerful

oxidation of sulphurous acid. The production ot ozone,

or electrified oxygen, opens up numerous vistas, notably

for the sterilisation of drinking water and the maintenance
of a wholesome atmosphere in factories, workshops,
schools, theatres, barracks, hospitals, underground rail-

ways, and mines. For use in mines it may be of inestim-
able service.— CH//f/iii de la Socicte de VIndustrie Minirale,
Third Issue, 1918.

MEETINGS FOR THE WEEK.

Monday, 14th.—Ceramic Society, 7. (In the Cenlral Schools of
Science and Technology, Stoke-on Trent). " Sub-
sliiuiion of Apaiite for Boneash in the Bone China
Body," by N. B. Davies. "Heat Conductivity of
Porous Maleiials and the Heat Insulation of Kilns,"
by J. W. Mellor. " Casting of Heavy Pottery," by
B.J.Allen.

TiEsDAY, 15th.— Instiluiion of Petroleum Technologists, 5.30. " Some
War Problems of Petroleum Supply," by Sir
Frederick W. Black.

FOR SALE.
CARTORIUS BALANCE. In new condition.
*^ Whot offers ?—Address, " Sanorius," Chemicai. News Office,
16, Newcastle Street, Farringdon Street, London, EX. 4.

Vfiscellaneous LABORATORY EQUIP-
•^''- MENT, mostly Bottles, FOR SALE. What offers "'—Wri.e,
McMasierE,g4, Knightsbiidge, S.W. i.

[BINOCULAR MICROSCOPE by Beck. All
'—^ adjustments, Poiarising Attachments, &c. Cost £80, including

live Lenses, i,4, 2/5, 4/to, r/5, aud f/o.
Also several Sets ot 24 Slides, 'n neat boxes of four trays ; also some

curio slides.

Large SPECTROSCOPE, by Hilger, with Prism. In perfect con-
dition. Complete in two boxes. Cost £^z 10s.

Also HIGH REFRACTIVE DENSE PRISM. Cost £10 los.

Set of 132 CRYSTAL MODELS in hard wood, including Working
Models ot Twin Crystals.

,^-horse MOTOR ; speed, 1800 revs
, 50 voUs, CJ amperes.

-Address, J. Wild, Bredbury House, Bredbury, Stockport.

PATENTS AND DESIGNS ACTS, 1907-1914.

PHENOL^ODUCTS.

•j^he Proprietor of BRITISH LETTl'RS
-* P iTEN r Xo. q292 ol 414 is prepared to Sell the Patent or to

License British Manufacturers to Work ui.der it. It relates 10 an Im-
pr.ived Method of Manufacturing Condensation Products of Phenol
and Substances containing the Methylene Radical

Address-BOULT, WADK, and TENNANT,
III & I' J, H.VTTON Garden,

London, EC i.

PATENTS AND DESIGNS ACTS, 1907-1914,

MANUFACTURE OF PHENOLIC
CONDENSATION PRODUCTS.

jMie Proprietors of BRITISH LETTERS
* PATENT No. g2g2 of 1914 are prepared to Sell the Patent or

to License British Manufacturers to work under i . It relates 10 the
reaction together of an Anhydrous Methylene t>ody, a Phenolic hodj-,

and a Phenolic Compound having an .\lkyUied Hydroxy] Grouc- in ii&

Molecule.
Address—BOULT, WADE, and TENNANT,

Itl fi 112, HaTTON' GARDbN,
London, E.C. i.

F. WIOQINS &

I C A
SONS, 102/3,4 Mlnories, London, E.

MICA MERCHANTS,
daaufaotarsri of dica Goodi lor Electrical and ALL pnrpoiaa.

CoHti'lctrr^. to His Majesty's Govertitnent,
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SOME AMERICAN DOLOMITES.

By BURLEIGH B. REED,

These rocks are among the important building stones of

the country and have a wide distribution. We secured a

few typical specimens from different sections in order to

make a comparison of their chemical composition. The
specimens analysed are all used as building materials in

their respective localities.

1. From Mount Vernon, Iowa, and belongs to the

Niagara formation, the oldest member of the Silurian age.

It is bard and compact, and has a yellowish tint due to

the presence of iron. Analysis as follows :

—

Per cent.

SiOj i-2g

FeaOs and AI2O3 . . . . 0-57

CaCOj 55-17
MgCO, 4304

Total ioo'07

2. Dolomite from Westchester County, New York, not far

from New York City. It is a white crystalline cock, and is

a coarsely granular marble in appearance. The formation
belongs to the Cambro-Siiurian, and is thought to be
equivalent to the Stockbridge limestones of the Housatonic
Valley in Massachusetts. It is quite a typical dolomite in

composition, not materially different from the Iowa rock.

The analysis as follows :
—

Per cent.

SIO2 3-71

Fe203 and AUO3 .. .. 105
CaCO, 53-43
MgC03 4393

Total 100-12

3. From Lockpott, New York, also belonging to the

Niagara formation. There was upon the dark grey rock

an incrustation of milk-white crystals. The analysis ol

the body of the rock, which was hard and compact, re-

sulted as follows :

—

Per cent.

SiOi a-76

FeaOj and AljOi .. .. 1-42

CaC03 51-83

MgC03 43"94

Total 99'97

The specimen contains a sufiScientty high percentage of

magnesium to class the rock as a fairly typical dolomite.

4. The white crystals encrusting the specimen :

—

P«r cent.

SiOa 0-18

FejOj and Als03 .. .. 1-21

CaCOj 81-62

MgCOj 17 15

Total 100-16

This varies quite widely from a true dolomite as the

calcium has largely replaced the magnesium. The

amount of silica is unusually small, as might possibly be
expected from the crystalline structure of the material.

5. Ftom Bertram, lov/a. This belongs to the Niagara
formation which lies between Mount Vernon and Cedar
Rapids. The rock is grey in colour with numerous small
light coloured crystals disseminated through the msss.
Some analytical data had been found which seemed to
indicate that the magnesium content of the rock was in

excess of the calcium. Our analysis was made with a
view to determine whether this was really the case. Two
concordant results obtained are as follows :^

Per cant.

SiOj o-go
Fe203 and AI2O3 , . . . o-go
CaCO, 5561
MgCOs 4258

Total 99-99

The figures indicate a rather typical dolomite, as one
would naturally expect from the analysis of similar speci-
mens in the neighbourhood.
The analyses were made by the methods outlined in the

revised edition of Knight's " Quantitative Analysis."

Cornell College, Mount Vernon, Iowa,
March 17, rgig.

PHYSICAL CHEMISTRY AND ITS BEARING
ON THE CHEMICAL AND ALLIED INDUSTRIES."

By Prof. JAMES C. PHILIP, O.B.E., M.A., Ph.D., D.Sc.

(Concluded from p. 173}.

The validity of the foregoing equation being thus
established it may be employed to calculate for even tem-
peratures and a number of pressures the maximum quanti-
ties of ammonia obtainable by the interaction of nitrogen
and hydrogen. These figures, constituting a summary ol

the influence of temperature and pressure on the ammonia
equilibrium, are presented in the following table fvalid for

I vol. nitrogen-f3 vols, hydrogen! :—

Equilibrjum percentage of ammonia at—
temp,
cent. I atmo. 30 .^tm03. 100 atmos. 200 atmos

200° 15-3 67 6 806 85-8
330« 2-2 3x8 52-1 62 8
400° 0-44 107 25-1 363
500° 0129 362 10-4 176
600' 0-049 1-43 447 8-25
700° 0-O22 0-66 a 14 4-11
800° 0-002 0-35 1-15 a-24
goo" 00069 0-21 0-68 l'34
1000° 00044 0-13 0-44 87

From the physico-chemical standpoint then the con-
ditions which afllect the position of the ammonia equili

brium are thoroughly understood, and their influence can
be definitely formulated. Plainly, the highest percentage
conversion of nitrogen and hydrogen into ammonia is to
be secured by working at a high pressure and a low tem-
perature. There is, however, a limit to the pressure under
which a large scale process can be carried out conveniently
and safely, and the pressure employed in practice is not
above 150— 200 atmospheres. The use of high pressures
such aa those just quoted leads not only to p favourable
displacement of the equilibrium, but also to an increased
rate of approach to the equilibrium position.

* Cantor Lecture (I.). Delivered before the Royal Society of Arts,
Dftctmberj, 1918. Fiomibt f lOcetitiiigso/lhcRoyal Socieiyof Ails,
itvn., Ifo. sfjo,
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A limit is set also to the reduction of temperature, which

from the point of view of yield alone is desirable, by the

difticulty of finding catalysts which are sufficiently active

below 500—600° C. From the point of view of technical

production the rate at which the reaction takes place is

naturally of prime importance, and this comes back really

to the question of the activity of the catalyst employed.

Of itself the reaction N2+ 3H = 2NH3 takes place very

slowly at temperatures below 1000°, and it is only in the

presence of catalysis, such as osmium, uranium, and iron,

that the formation of ammonia becomes reasonably rapid

at temperatures where the yield is still moderately satis-

factory. In the manufacturing process a mixture of

nitrogen and hydrogen at a pressure of 150—200 atmo-

spheres is passed over the catalyst at a temperature of

500—600° C, the small quantity of ammonia formed is

removed by refrigeration or absorption, and the residual

gases are again circulated over the catalyst. High yieU

and rapid establishment of equilibrium are not reconcilable,

and a balance has to be struck at the temperature which

gives the best economic results.

In working out the most satisfactory conditions for the

technical synthesis another factor has to be considered,

and that Is the rate of cliculatlon of the gases over the

catalyst. It this rate is high the percentage of ammonia
formed per passage will fall a good deal short of the

equilibrium percentage, but, on the other hand, there will

be all the more passages in a given time. It has, indeed,

been shown by Maxted that for a catalyst chamber of given

sire the highest yield of ammonia pet hour is obtained with

a very high rate of circulation and a minimum value foe

the percentage of ammonia formed per passage. This is

made clear by the following record, obtained with an Iron-

potash catalyst at 550° C. and 150 atmospheres :

—

Time of contact
of gas with
catalyst

in seconds.

0-3+
0-56
1-8

3-6

72

From recent Infoimation, for which the writer is indt^bted

to Mr. Maxted, It appears that with a somewhat more

active iron catalyst and extremely rapid circulation, yields

of ammonia up to 10 kilos per hour per litre of catalyst

space may be obtained. There are, however, difficulties

in the construction of satisfactory heat exchangers for the

commercial utilisation of such rapid circulation. The
optimum rate of circulation must be determined for each

plant.

The fact that in actual working, where a moderattly

high rate of circulation Is employed, the percentage of

ammonia does not reach the equilibrium value, involvts

the possibility that a rise of temperature may even lead to

an increase in the yield of ammonia per passage. This

has been found te occur in some experiments carried cut

by Maxted at 530^ and 580° C.

Pressure—150 atmos.

Catalyst - iron potash. Percentage of ammonia formed at—
Time of contact in / '

^

seconds. 530'- 58c°.

0-6 096 1-5

i-o 1-3 24
i-S 17 3"2
2-0 205 38

Such an increas; in the yield accompanying a rise of

tempcratuie can occur only when the yield is much less

than the maximum obtainable— ».«., the equilibrium value.

At a higher range of temperature, where the establishment

of equilibrium is very rapid, a rise of temperature will lead

a decrease, not an increase, of the ammonia yield.

Yield of ammonia
Per cent in kilos per hour
ammonia per litre of catalyst

formed. space.

0-65 2 7

094 23
1-8 14
32 1-25

47 gi

It has been shown above that the displacement of the

ammonia equilibrium with rise of temperature is repre-

sented by the equation

—

logie K

0-0001006 T+ o-t86xio-» T=-t-2'i,

and the values of K given by this formula are in good
agreement with the figures obtained experimentally up to

1000* C. If the validity of the formula is assumed for

still higher temperatures It follows, as shown by Maxted,
that the decrease of K with rising temperature continues

up to a point about 2500° abs., but that a further rise of

temperature should be accompanied by an increase of K.
The approximate position of K appears from the following

ciiculated figures :
—

T" abs.

1500
2000
2500
3000
3500

Kxio«.

063
0-26

0'2r
0'28

0-55

It should be noted that where the displacement of

equilibrium with rising temperature is reversed, the heat
effect of the reaction must pass through a zero value. This
follows from the thermodynamic equation —

rf(log, K) __ Q
rfX RT2

The prediction of an increased yield of ammonia at

extremely high temperatures, a prediction based, it must
be admitted, on a very extensive extrapolation of the
formula for K, has been verified by Maxted's experiments.
In these a mixture of nitrogen and hydrogen was Intro-

duced into an oxy-bydrogen flame, and then cooled with
extreme rapidity to the ordinary temperature. The gas
was then found to contain appreciable quantities of
ammonia, estimated In one case to be equivalent to 1-23

per cent by volume at an absolute pressure of one
atmosphere. Rapid cooling is essential, otherwise the
equilliirium shifts to the unfavourable position characteristic

of the temperatures between 1500° and 3000° abs. The
passage of a nitrogen + hydrogen mixture through a
capillary tube In which a small high-tension arc is

burning leads also to the formation of appreciable quanti-
ties of ammonia. It will be Interesting to see whether
this thermal synthesis of the gas can be efl'ected on
anything else than the very small scale which has so far

proved practicable.

The catalytic synthesis of ammonia at moderate tem-
peratures, on the other hand, has come rapidly to the

front, and has played no small part In the war technology
of Germany, where the process was being developed on
the large scale in the period 1912-14. During the war
synthetic ammonia was turned out in that country at a
rapidly increasing rate, and It Is stated that the quantity
cf ammonium sulphate produced by this method has
recently amounted to about half a million tons per annum.
The significance of this synthetic ammonia Industry lies

In the fact that the product can be readily oxidised to

nitric acid, which, of course is the Indispensable basis of

explosives. The fixation of atmospheric nitrogen, how
ever, will be required to meet the needs of peace also. In

respect of nitrogenous fertilisers, and In all probability the

catalytic synthesis of ammonia has a future before It

independent of the demands of war.

In final illustration of the value of the principles of

chemical equilibrium in the rational survey and control of

a technical gas reaction, one or two points connected with
the water gas reaction CO^-f H2 5:^ CO-f H2O may be
discussed. There are an equal number of molecules on
the two sides of this equation, and It therefore follows that
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a shift of the equilibrium involves no change of volume.
Hence in conformity with Le Chateliet's principle already

referred to, an alteration of the pressure is without effect

on the position of equilibrium.

The equilibrium constant in this case is defined as

K = Ceo * Cki^o
, where Ccoi CH30 > ccoj, and Ca-i are the

equilibrium concentrations of the different gases con-

cerned. The reaction being reversible it is possible to

approach the equilibrium from either side, and in the

actual investigation of the reaction the value of K was
deduced from two sets of experiments— (a) those in which
mixtures of carbon dioxide and hydrogen were passed

through a heated quartz or porcelain tube eontaining

platinum as a catalyst; (b) those in which mixtures of

carbon monoxide and water-vapour were treated similarly.

An analysis of the gas mixture issuing from the tubes gave
the values of the equilibrium concentrations. As an
example of the results obtained under (a) the following,

recorded at 9S6" C, may be quoted :

—

Percentage Composition of the Initial Mixture.

CO2. Hj.

IDT 8g"g

30-1 69-9

49-1 5''9

6o-g 39'

I

703 29 7

Experiments carried out at the same temperature with

initial mixtures of carbon monoxide and water-vapour

gave a mean value of i'55. The agreement of this

number with the average of the figures for K recorded

in the table shows that the equilibrium between the four

gases, whatever their initial concentrations, is established

in conformity with the mass action law.

As regards the shift in the equilibrium with rise of

temperature the direction of the shift can be deduced from
the known heat effect of the reaction COj-l- H2 = CO -(- H^O.
At the ordinary temperature the occurrence of this re-

action from left to right is accompanied by the absorption

of about 10,000 calories, and hence a rise of temperature

will favour the system CO-fHaO at the expense of the

system CO2+H2. Quantitatively this is shown by the

increasing values for K obtained with rising temperature.

Thus the figures for the constant at 686°, 786°, 886°, 986°,

and ioS6° are 0'53, 084, 1-20, 1-57, and ig6
respectively.

The water gas equilibrium is of interest in relation to

the manufacture of hydrogen, the demand for which has

steadily increased during the last five or ten years. Apart

from its use in connection with airships and balloons,

there are various newer industries, in which the gas is

required on a large scale, as, for example, in the hardening

of fats and in the synthetic ammonia industry. Among
other methods for the manufacture of hydrogen in quantity

it has been found possible to make the hydrogen of water

available by first producing water gas, and subsequently

passing the water gas with excess of steam over a

catalyst, such as alkaline ferric oxide, at a temperature of

500—600°. The raising of the concentration of the water-

vapoui must plainly shift the equilibrium in the reversible

reaction COa-t-H^ :^=±: CO-fHzO over towards the left,

and in actual practice it is found that the carbon monoxide
of the water gas is almost completely converted into

carbon dioxide by this treatment, and that there is a cor

responding increase in the quantity of hydrogen. Thus,
in one case on record, a water gas containing 24 per cent

carbon monoxide was found, after one passage over the

catalyst at 500° with excess of steam, to contain only

2 per cent of this gas. Naturally the carbon dioxide and
the residual carbon monoxide must be removed by con-

densation or absorption if pure hydrogen is required.

Percentage Composition of the Equilibrium Mixture.

C02. CO-HoO. H.J. K.

070 9-46 80-38 1-59

7-18 23-00 46-82 1-58

21-36 27-88 22-88 1-59

34-20 26-61 12-58 1-64

47-66 22-79 6-76 1-61

MECHANICAL PHILOSOPHY AND
THE SECOND LAW OF THERMODYNAMICS.

By FRED. G. EDWARDS.

The atom of the ether is a tetrahedron of mass one-fourth

of the hydrogen molecule (3-2 x 10-24 = 0-8 x 10-24 grm.,
and assuming the specific density of the ether determined
below at 0-575 ''s atomic volume will be 1-39x10-24 cc.

equal to a sphere of diameter 1-39 x 10-8 cm. Its atomic
domain is defined by an ascribed rhombic dodecahedron,
but as each atom collides with four only of the twelve
contiguous atoms the whole formation is livided into two
interpenetrating plena. The specific density D of the

ether may deduced as a first approximation at 0575 from
the formula R = Ri(D/Di)i. where Ri is the retractive

index ( = 2-4669), and Di the density ( = 3-5) of diamond,
and R — I. The pressure of the ether is now directly

deduce* at 5175 x 1017 dynes per sq. cm. from the radia-

tion velocity by the formula c = (/'/rf)Ji where c = 3 x 10'°

and (i=r 0-575.

It has, perhaps, been too readily assumed that an atomic
ether besides a density and a pressure must also have a

temperature ; but the real physical interpretation of the

second law of thermodynamics for solids and liquids will

now be deduced in terms of atomic motion. To the above
formula may be added a ratio-factor, thus a = ipk/dji,

where J = i in the case of light travelling through a

frictionless ether. But in the case of sound in ethyl-

elher-vapour the ratio of the specific heats k = cp/cv = 1-06,

and the reciprocal ratio h of the intramolecular energy
over the rectilinear molecular energy deduced from tOe

theimodynamic formula A = (5 -34)/(34 — 3) is 10. This
means that if there be one quantity-intensity unit of atomic
energy, radiating or absorbing heat evidenced as tem-
perature, there are ten other quantity units of energy in

the form of intramolecular motion. The energy of this

non-radiating motion is pure entropy. But when k = i

then A = CO, or the whole of the energy is entropy, and
there is no temperature, as the intensity factor = o. This
is the limiting condition for solids and liquids, but is inap-

plicable to gases where the fiee energy is molecular and
the size of the molecule is not infinite as in the former
cases.

The hydrodynamic pressure of the ether on a circular

area of diameter 5-3x10-1' cm. would be 41 S dynes,

and if two spherical cavities at one diameter apart centre

to centre mutually repel with this force their repulsion

at I cm., inversely as the distance squared, would be

X-17X10-19 dynes as against 1-16x10-19 dynes in the

casa of electrons. Only by such a structure would a

massless electron remain in a material universe. The
diameter is less than lo-s times that of the calculated

ethereal volume, so that its formation by the removal of a

"positive" atom involves four tetrahedrally inclined

strains in the ether, corresponding to the lines of force,

v/hich on a conductor would be reduced to one free line or

tube of force. The electron theory is true, but it is a

developed negative from which a positive picture should

be formed.
The mathematical theory of electro-dynamics is a

special form of the theory of elasticity. The electrical

work done by a planet moving through an apparently

stagnant ether reappears as energy in gravity. The centri-

petal radiations of gravity ate the cause of apparent
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irrelativitv, and also the source of the sun's energy now
admitted to be loS times greater than can be otherwise

accounted for. The quantum is a function of atomic

mass, and should be the momentum of an atom as it

strikes the ether in striking an electron, and Planck's

constant would be the unit action of the ether in the

formation of waves.
Radiation is thus energy in the form of momentum

travelling through a material fluid as visualised by

Maxwell, but he was not bold enough to deduce the

density and pressure of the medium by the ordinary laws

of mechanics, doubtless because at that time he con-

sidered the first law of dynamics applicable to produce

temperature. Stokes, Kelvin, and Helniholtz have shown
that ditect action at a distance, now exclusivel/ used in

electrical theory, is mathematically identical with the

action of an incompressible fluid. That fluid, which

formed the foundation of his gieat electrical theory and

which he repeatedly insisted upon, is now specified with

its electronic displacement.

March 29, 1919

ARSENIOUS OXIDE AS A STANDARD
SUBSTANCE IN lODIMETRY.

By ROBERT M. CHAPIN.

Introduction.

Following the development of a reliable laboratory

method [yonrn. Ind. Eng. Clum., 1918, x., 522) for the

prepatation of pure arsenious oxide, an investigation has

been made of the accuracy possible when the substance is

employed in iodimetry. Though the process has long been

in common use it seems never to have received the rigorous

testing demanded by modern standards. The work of

Washburn (Jouin. Am. Chem. Soc, 1908, xxx., 31) ex-

tended merely to a study of the precision possible, that is,

the closeness of agreement among titrations. The work

here presented involves the direct comparison by titration

with weight burettes, of known amounts of pure arsenious

oxide and pure iodine. The object was to establish the

reliability of properly purified arsenious oxide as a standard

to replace the less convenient iodine which has been the

final recourse in work calling for the highest possible

degree of accuracy. This substance is the simple oxide

of an element of very accurately determined atomic

weight ; it is non-hygroscopic, permanent in the solid

state, and also highly permanent in a properly acidified

solution.
Preparation of Pure Subsla»c{s.

Arsenious oxide was obtained in the form of a coarse

powder nearly free from dust by resubliming some material

purified in the manner already referred to. (The raw

material comprised several trades; chiefly "technical"

white arsenic).

Pure indine was obtained by a process abridged from

that of Guichard (iii«. de Chtm.. I9i7,vii., 27). Potas

slum iodide U S P., 100 parts, and iodine U.S. P., 150

parts, were dissolved in water, 100 parts. To the solution

was added about 5 parts crystallised copper sulphate in

warm concentrated solution. After thorough Stirling and

standing for some time the precipitate was filtered olT and

the filtrate distilled from a retort into a cooled flask, water

being added as necessary. The iodine in the distillate

was filtered with suction on a hardened paper in a

Bucbner funnel, washed with water, and redistilled with

water from the same apparatus. After again filtering,

washing and draining, it was thoroughly dried over calcium

chloride, then sublimed twice with intermediate drying.

The subliming apparatus consisted of a shallov/ beaker,

on the rim of which r:sted a globular flabk filled with cold

water. During the second sub'imation the substance was

not collected until a liberal preliminary portion bad been

allowed to escape, and it was obtained in loose crystals by
frequent removal from the condensing flask. It was finally

ground to coarse powder in a glass mortar, and preserved
over calcium chloride.

Prfparalion of Solutions.

The solution of arsenious oxide in dilute sulphuric acid,

as recommended by Roark and McDonnell {yourn. Ind.

Eng. Chem , 1916, viii., 327) appears for obvious reasons
the safest method of preparation. The only question is

the possible volatilisation of an appreciable quantity
during the necessary boiling, and therefore the following

experiment was conducted.
Experiment i. In a side tube distilling flask was placed

5 cc. concentrated H2SO4 in 300 cc. HjO. Flask and
condenser were fitted with bark corks. The distillate,

collected In portions of 25 cc. and tested for arsenic in a

modified Gulzeit apparatus, yielded a very low blank. To
the remaining 200 cc. liquid in the flask was then added

2^ grms. AS2O3, and distillation was resumed, successive

portions ol 25 cc. being taken off while the volume in the

flask was maintained at loo to 200 cc. All portions col-

lected except the first, which contained less, owing to

delayed solution of the substance, showed a constant con-
tent of 20 mi:romgrms. ASiOj. Finally the condenser
tube was filled with 50 cc. diluted H25O4 and left one-
half hour. No more As;03 was found in this solution

than in the blank.

Therefore, in the preparation of one litre of tenth-

normal arsenious oxide solution it would be necessary to

boil off more than 600 cc. in order to diminish the strength

of the finished solution by i part in 10,000. (Since

hardly a fourth of the above proportion of liquid need be
lost through gentle boiling in a long-necked volumetric
flask, any such additional precaution as a reflux con-
denser, which has been suggested as an absolute preven-
tive against loss, is obviously superfluous).

About 0'8 grm. dry arsenious oxide was weighed out by
difference from t vial into a weighed 100 cc. volumetric
flask. To avoid loss of dust the vial was chosen small
enough to slip easily within the neck of the flask during
transference of the substance. Solution was effected by
very gentle boiling in a mixture of 16 cc. of dilute sul-

phuric acid (i in 10) with about 60 cc. water. Water was
then added to the cooled solution up to the base of the

neck of the flask and a second weighing was made.
For weighing the iodine, ampules v.'ere prepared by

blowing a bulb of slightly less than 2 cm. diameter on the

end ol a glass tube of 5 mm. bore, which was further

drawn down to about 2 mm. at i to 2 cm. above the bulb,

and lastly cut off to a total length of about 11 cm. Into
the bulb of this miniature flask was charged through a

slender tube 1-5 cc. of a solution of C.P. potassium
iodide (10 grms. per 15 cc.) without wetting the interior of

the apparatus above the constriction. After the weight,
constant on the balance for ten minutes, had been ascer-

tained, about oS grm. iodine was introduced, most of

which remained above the constriction. The tube was
drawn out above the iodltie to a capillary, which, after

cooling to room temperature over calcium chloride, was
sealed ofl by a small blow pipe flame. The tip thus
separated was gently heated to remove condensed iodine,

and finally, after cooling, the weight of lube plus tip,

constant for ten minutes, was ascertained, and conse-

quently the weight of iodine obtained. A tube treated in

a simiUr way, except that no iodine was added, showed a

variation in weights befoie and after sealing decidedly
less than o-r mgrm.

All v/eights, including burette readings, were reduced to

vacuum and the weights of the two substances themselves
were further corrected by means of the Bureau of Stan-
dards certified ccirections foi the set of weights employed.
The water used was freshly collected from a large

laboratory still of a modern type which delivers water
substantially free from dissolved gases. All GOlctions were
employed shoitly after prepatation.
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Execution of Ike Titrations.

In the ordinary titration of arsenioas oxide with iodine,

sodium bicarbonate is the buffer usually employed to

maintain neutrality and is entirely appropriate for the pur-

pose. For the reverse titration here contemplated it pre-

sented obvious defects. The sodium phosphate mixture

advocated by Washburn appears to react with incon-

venient slowness. A borax-boric acid mixture was also

stated by Washburn to be theoretically applicable but was
not regarded by him as practically so useful as phosphate
or bicarbonate. Barneby (Journ. Am. Ckem. Soc, 1916,

xxxviii., 330) found such a mixture useful in "differential

iodinetiy." It effects a rapid reaction and is otherwise

entirely convenient. The proportion of boric acid neces-

sary to prevent the formation of iodate was determined by
the following experiment ;

—

Experiment 2.—To 50 cc. of a solution containing re-

crystallised Na2B40;ioHiO, with or without H3BO3, was
added 50 cc. N/20 I. After standing twenty-two hours
an excess of H3BO3 was added and the solution was
titrated with Na2S203 (N/ioo at end) and starch. Then
diluted HCI wss added in excess and the liberated iodine

titrated with N/ioo Na2S203.

Table I.

—

Formation of Iodate in Presence of Borax
and Boric Acid.

No. NaoBj07.ioHoO. HsBOs. N/ioo NaaSjOs.

Grms. Grms. Cc,

I o o o 00
2 5 o 915
3 5 I 190
4 5 2 O'lO

It appears, therefore, that a buffer solution containing

borax and boric acid in the weight ratio of 2 to i may be

used with entire safety as respects formation of iodate.

The solution adopted contained 8 per cent of crystallised

borax and 4 per cent boric acid.

With this fact established the following experiment was
carried out to test the accuracy of the method

—

Experiment 3.—A tube of iodine, thoroughly shaken to

dissolve all the substance, was placed in a stout 500 cc.

bottle of clear glass, to v/hich was also added 30 cc. of a

freshly prepared 10 per cent solution of pure potassium
iodide and 123 cc. of the buffer solution. After cooling

the whole to about 10^ C, the tube of iodine was shattered

by pressure with a stout glass rod and an arsenious oxide
solution was run in from a weight burette to decolora-

tion. After adding 2 cc. of freshly prepared starch solution

the final end point was reached by cautious titration with

N/ioo iodine (see Note i). For the blank (see Note 2)

another bottle was charged with 40 cc. potassium iodide

solution, 125 cc. buffer solution, 2 cc. starch and water to

equalise volumes, and the mixture cautiously titrated with

the N/ioo iodine solution until the colours in the two
bottles matched. The volume of N/ioo iodine needed for

titration of excess arsenious oxide v/as in no case more
than 2 cc. and for the blank never more than 02 cc. The
colours were not significantly affected by further addition

of the buffer mixture, nor by longer standing. The results

calculated from the titrations appear in Table II., under
Tests No. I to 4.

After this work bad been completed there appeared a

paper by McCrosky (Journ. Am. Chen. Soc, igi8, xl,,

1662) in which it was stated that perfectly dry iodine was
obtained only by fusion in the v/eigbing tube, a procedure
which affected his results by more than i part in 700. In

contrast with McCrosky the present writer had not passed

a continuous current of cold water through his subliming

apparatus and bad noted no condensation of moisture

thereon, while iu the final sublimation the substance was
collected only after considerable beating, possibly only

after complete fusion. But the uncertainty necessitated

further work, The following experiment was therefore

caciied out :

—

Experiment 4.—In a 2 cc. glaes-stoppered weighing tube
about 0-8 grm. iodine was fused as described by McCrosky
and, after weighing, the tube with loosened stopper wzs
dropped into a 500 cc. funnel- necked glass-stoppered
Erienmeyer flask containing 7 cc. of 40 per cent potassium
iodide solution. Into the funnel around the stopper was
poured 3 cc. of the potassium iodide solution, and after

all iodine bad been dissolved, this, followed by 125 cc. of
borax buffer, was allowed to flow down the sides of th-
flask. The titrations were made as previously described
and the results are given in Table II. under Tests 5 and 7.
Test 5 was made without fusion on a sample of tOK
original iodine which had been contained in a ghss-
stoppered weighing bottle resting in a dark cabine;
during seven months.

Table II.

—

Comparison oj Iodine and Arsenious Oxide.

No.

I.

2,

3-

+

5-

6.

AP2O3 sol.

,. A
. A
. B
. B
. c;

. c

. D
.-Average ratio determined .

.

Theoretical ratio by igiS
official atomic weights .

.

Weigh' I.

Weiglit AsiO^

2-5664 (n)

2-56,7
2-5661

2-5658

2-5655
2-5661

2-5656

2-5658

2-5651

Difference 00007

(a) Excluded in computing average.

Evidently the original iodine was perfectly dry, aa.i pure
iodine is not hygroscopic. Evidently, too, the cumber-
some method of weighmg employed in the first four tests

offers no advantage over the use of a stoppered v/eighing
bottle with proper precautions. Fusion before
weighing, though unnecessary in .he present case, is

certainly a desirable precaution. Excluding the unsub-
stantiated result of Test i, the greatest variation of any test

(No 3 and No. 6) from the average was therefore i part
in 8500, while the average of the observed ratios differed

from the theoretical ratio by less than i part in 3600. The
difference is in the direction v.'hich indicates a less purity,

or a greater loss during manipulation of the iodine, and
consequently is in favour of arsenious oxide as the more
reliable standard in practice.

Precautions in the Prepamtion and Use of Staiid.ird

Iodine Solutions.

Aside from correct standardisations, iodine s-jlu-.ions

intended for accurate work demand some special pre-

cautions previously known in a general way but rarely

obiierved. The first of these is the use of potassium iodidu
in quantity sufficient not merely to dissolve the iodine in

concentrated solution but to inhibit dissociation of potas-

sium tri-iodide, and consequent ready volatilisation of
Iodine after dilution to standard strength. The proportion

of double the weight of iodine in twentieth-normal solu-

tions authoritatively rec-jmmended is unquestionably too

low {yourn. Assoc. Official Agr. Chemists, 1916, ii. ;
" Re-

port of Comm. on Edit. M=th. of Anal,," p. 63), for loss ol

strength during a series of titrations with such a solution as

ordinarily manipulated may be readily demonstrated.
Since potassium iodide is a high-priced substance each
worker must decide for himself what proportion the character

of his work warrants him in using. The writer has adopted
the proportion of 4 per cent in both tenth-normal and
twentieth-normal solutions in which a high degree of

accuracy and permanence is desired.

The presence of iodate in an iodine solution may
naturally cause variation in its apparent strength according

to whether titrations ate conducted in a neutral oc acid
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medium. Though coniinercial potassium iodide appears

generally to be free from iodate there are some grounds,

t I ihe sus) icion ihat iodate maybe formed in iodme solu

lions under certain conditions of storage (Ueiss, Chem-

Zig., 191S, xxxviii., 413). It may be tested for by the

procedure described under Expt. 2, and if present may be

removed by addition of the corresponding amount of sul

phuric acid.

A final precaution is to attain the end-point with s'arch

at a leinperature not above 25^ C. It is well enough

known that the blue colour ol iodised starch disappears

completely on slight heatiiig, but in fact warming even

to 30° C. is sufficient to affect distinctly the delicacy of the

end-point.

Summary.

It was found that by employing weight burettes wiih

appropriate precautions, six titrations of pure arsenious

oxide against pure iodine gave highly precise results, the

average of which agreed within i part in 3600 with the

theoretical value. Ihe evidence is in favour of arsenious

oxide as the more reliable standard substance in practice.

Precautions in the ( reparaiion and use of standard iodine

solutions are emphasised.— "ifouriial of the Amirican

Chemical Society, xli., N -. 3.

Notes.

1. The starch solution contained o'5 per cent potato

starch, boiled two houis with water, plus 3 per cent bor'C

acid added towards the end of the boiling period. A briefly

boiled starch solution i.-. revealed under a magnifying glass

as a suspension of enormously swollen granules. When
such a solution is used as an indicator the resulting colour

is located partly in the granules and partly in the medium ;

net an ideal condition if delicacy ol end point is a para-

mount consideration. Though still visible after a half-

hour, granules can no longer be detected alter one hour cf

boiling, while boiling for an additional hour appears to

effect no further change. Long boiled solutions are equally

as sensitive as solutions boiled only two iiiinutes. The
tints afforded with minimal amounts of I are likewise

entirely comparable, ranging from pure blue through

violet to rose as the concentration of KI and other salts

is increased. Boric acid, not previouily used as a preser-

vative for starch solutions so far as the writer is aware,

appears f> be very effective against moulds, though not

against sahvaiy enzymes. Solutions used intermittently

during several months, and closed only by a pipette or

inverted beaker, appear indistinguishable from fresh solu-

lijns. In contrast solutions of soluble starch prepared by

acid hydrolysis soon suffer degradation.

2. The truth of the blank obtained by this procedure has

been questioned. In the first place, making the justifiable

assumption that Nal produced from o-8 grm. I will exert

exactly the same effect upon the end point as an equiva-

lent amount of Kl. particularly in the presence of a pre-

ponderating amount of the latter salt, it will be nottd that

the equivalent of 404 grins. KI was present in the regular

run against 40 grms. in the blank. Secondly, the volumes
ol buffer and starch solutions were the same, while the

colours were matched at equal finsl vo'umes. From
previous experience assurance was ttlt that, provided

equal concentrations of KI and approximately equivalent

concentrations of total salts were maintained in order to

equalise the salt effect upon the end-point, no specific

effect would be produced by the minor differences in com-
position which existed. On the contrary it was feared

that far greater risks of error would be incurred through

the introduction of extraneous substances in an attempt

10 make the composition of the snluiions exictly similar.

But the possible magnitude of error in the blank has now
been investigated. To a " true" blank should be added
HI derived from o 8grm. I, AS2O5 derived from 0312 grm.

AS2O3 and 0-24 cc. of the H2h04 solution. 'Ihere le

mained in band the identical solution of H2SO4 originally

used, and this was diluted and boiled. A stock solution
of .\S2O5 was made from the originally used A62O3 by
oxidation with HNOj (Menzics and McCarthy, yoiirn.
Am. Chilli. Soc, 1915, xxxvii., 2021). Since HI could
only be introduced in the form of KI, a corresponding
reduction of i'2 grms. borax and an increase of 078
grms. H3BO5 is called for in the buffer. The various
buffer solutions necessary were made from single bottles

of the chemicals. Various mixtures of the atiove ingre-

dients were titrated with N/200 I and starch in a total

volume of 200 cc. to the first appearance of a plain and
persistent colour, whatever the tint might be. The titra-

tions were made by allowing the I solution to drop con-
stantly from a burette at the rate of i drop in three

seconds, the drops actually entering the titration being
caught at half-minute intervals. Frequent tests showed
that I cc. was veiy consistently delivered in 32 drops.

The following table gives the results obtained ;
—

Eun HjSO. Oxidised
No. KI. HjBOs NajBiOT.loHjO. sol. AsaOs-

Grms. Grms. Grms. Grms. Grm.

I. I

2. 4
3- 4 5

4- 4 5 10

)• 4 5 8

6. 4 6 8

7- 4 6 8 7
8. 4 6 8 7 04

N/200

Drop,

2—3
3
2-3
5-6
5-6
5

4
4-5

It will he noted that, aKhough the mixtures were made
up slightly to exaggerate possible effects, the original

blank, represented by Run 4, falls behind Ihe true blank.

Run 8, by at most 2 drops N/200 I. Next, to a mixture
prepared as in Run 8 was added 13 drops (o'4o6 cc.) of

N/200 I, and a mixture prepared as in Run 4 was titrated

by the drop method at half-minute intervals until the

colours matched. Triplicate comparisons showed between
16 and 17 drops to be necessary, and no difference

between the final tints could be detected. Therefore the
original blank falls behind the true blank by at most 4
drops N/200 I, or 0125 cc. This quantity represents

000008 grm. I or a maximum error of i part in 10,000,
wh-ch may possibly have occurred in the blink at

originally obtained.

GREEK EXHIBITION.

As stated in the attached speech, the Exhibition in Athens
of British Manufactures had its origin in a suggestion made
last Ootober by the important delegation of Greek business
men who toured industrial England under the auspices of

the Federation of British Industries. Having investigated,

through a Special Commissioner, the extraordinary scarcity

of every kind of manufactured article in Greece and the
neighbouring Balkan and Levantine countries, the Fede-
ration agreed with Greek opinion that an Exhibition
would offer very extensive opportunities to British maou-
lacturers. The Exhibition, therefore, is now in active

process of organisation.

The Greek Government, as part of its support of the
idea, has lent for the purpose of the Exhibition the
" Zappeion ' building, close to the Koyal Palace and Ihe
centre of the town, and specially and admirably con-
structed for Exhibition purposes Although applications

lor space have been received only during the last three
weeks or thereabouts, already a third or more of the avail-

able space has been taken up. Nearly all the most
important branches of British manufacture are already
represented.

In addition to the " Zappeion," the Greek Government
has granted the use of an extensive piece of land on wbicb
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an " Extension " is being erected. This will house such

of tile larger exhibits as cannot conveniently be placed in

the " Zappaion," and it will afford an admirable practical

exposition of such articles as agricultural machinery, since

land and space are available on which they can be shown
actually at work.

As is well-known, the policy of M. Venizelos, and of the

strong majority he represents, is to develop both the exist-

ing agriculture of Greece and the manufacturing industciei

she does not yet, but ought to, possess. In vi5W of this,

of course, the Machinery Section of the Exhibition will be

of very great importance. The Exhibition will, however,

appeal to a very much larger field than Greece alone. The
trade of Asia Minor, Turkey, and, to a great extent, the

Balkan countries, is almost entirely in the hands of

Greece. Special arrangements are being made to interest

these distant traders and to bring them to the Exhibition.

Thence they will carry back with them their impressions of

British products, and, most important ot all, they will

have had an opportunity of coming into contact with the

representatives of firms in the Exhibition, and of forming

a firm foundation for future business.

Major Kennard, the Federation's Commissioner to

Greece, who is shortly to be established permanently in

Athens, has been touring all the principal industrial centres

of England giving manufacturers the benefit of his experi-

ence. The interest he has excited bai been very great.

In many cases manufacturers have been astonished by the

information he was able to give them regarding present

trade conditions and opportunities in the near East —
opportunities to which other nations are already very

keenly alive, as is shown by the efforts they are nt present

making to establish themselves in the Levantine market.

The accompanying notes are a condensed version of the

address Major Kennard has been giving.

Extracts from Lecture by Major E. Kennard.

You will probably all of you remember the visit of the

Greek Commercial Delegates to this country last autumn,

and I think it was the interest aroused by that visit that

first gave birth to the idea of having a commercial repre-

sentative of the Federation in Greece. It was also the

members of the Greek Mission who suggested an exhibi-

tion of British industries to be held in the "Zappeion"
Building in Athens.

The day after my arrival in Athens I visited the

" Zappeion," and although, from the descriptions given to

me by the members of the Greek Mission, 1 was prepared

for something rather special in the way of buildings, I

must confess that the actual sight of it almost tooU my
breath away. It stands in the very best part of the town,

at the top of a gentle slope, within a few minutes walk of

all the leading hotels, and close to the tramlines. From
the steps you see the Acropolis, close to you, on your

right ; on the left is the Stadium, seating 40,000 people,

and constructed entirely of white marble (of which most of

you have no doubt seen illustrations), whilst, in the fore-

ground, is a large open gravel space, and beyond that

again gardens full of palm trees, orange trees, &c., with

a delightful glimpse of the sea in the far distance.

His Majesty's Minister, Lord Granville, from the

moment of my arrival, took the deepest interest in the

plans of the Federation, both as regards the Exhibition

and the extension of British trade in Greece and the Near
East generally, and throughout my stay rendered me every

assistance in his power.
During the two months I was in Greece, I talked with

people of all classes, chiefly commercial, both English and

Greek, and nev«r did I hear any other opinion except that

the idea of holding an Exhibition of British Industiies in

Athens as soon as possible after the conclusion of Peace
was the very best possible means of forwarding the inte-

rests of British commerce in the Near East. I say " Near
East" advisedly, for though, at the moment, we are con-

centrating on Greece, and there ia no doubt an immense

volume of remunerative trade to be done there, you should
remember that Greece only forms a small portion of the
Balkans and Levant.
With regard to noting the outlets for British produce in

Greece, I would particularly urge upon your attention that
owing to the fact that Peace has not been actually signed,
Greece is at the moment the only country in that part of

ihe world which is readily approachable from a com-
mercial standpoint, but you should look upon Greece
merely as a stepping-stone (an important one, I admit) to
the trade of the whole of the Balkans and Levant. Fifty

ot sixty years ago Great Britain had practically a monopoly
of that trade, but, from various causes, this was gradually
wrested from us and secured by Germany and Austria ;

not only secured, but very largely increased. Before the
outbreak of war it looked as though this trade was lost to

us for ever, but owing to the events of the last four years
Germany and Austria have been temporarily (I say
advisedly "temporarily") knocked out, and we have now
an opportunity which I think you will agree with me, we
are unlikely ever to have again. The Greek nation is at
present extremely Anglophile, and yo- must remember
that there is a very large Greek element spresd throughout
the Balkans and Levant which, once we have secured our
proper share of the trade of Greece herself, should be of the
utmost assistance to us in obtaining a similar share of the
trade of those other countries. At this moment it might
almost be said to be ours for the asking. I don't think I

exaggerate when I say that the Greeks would rather buy
British goods than any other. They would rather trade
with us than with any other nation, but they are at the
moment absolutely denuded of eveiy kind of commodity,
from bootlaces to locomotives, and they muit be supplied
immediately, from sotnt source. I can give you a small
incident which will bring home to you the absolute lack of
the most ordinary necessities of life at present prevail-

ing in Greece. During my stay there I had a rather severe
attack ot influenza, and tlie medicine that was supplied to

me by the leading chemist of Athens arrived in a ginger-
beer bottle, stopped with a piece of nev/spaper. That
other nations are bidding strongly for the trade of the
Near East is proved by many facts, amoneit others I may
tell you that tha American Consul-Genetal for Greece
applied for three Vice-Consuls during ray stay in Athens.
At the moment I maintain that we hold a distinct advan-
tage over other competition. I am sure I am right in

saying that if Greece at this moment were in a position to

select one nation from amongst the nations of the world,
to whom she would give the whole of het trade, that nation
would undoubtedly be Great Britain, but you must
remember that Greece is net in that position. Anglophile
though she may be she has to live. Naturally she will

try to obtain the best goods in the cheapest market. Not
only will she try to obtain them, but in the unfortunate
position In which she now is, she muit obtain them at

once. Greece believes, and I firmly believe that she is

right in this belief, that the best of everything, from
fighting men to metsl-ware, is to ba found in Great
Britain. She has this belief at the moment, but it will

not last for ever. Other nations are leaving no stone
unturned to prove to bet that they can fill her needs as
well as we can. Not only that, but soma of them advance
the tempting argument that they ara in a better position

to give to h«r immediate delivery than we are. I therefore
venture again to suggest to you the advisability of taking
the long view, and of supplying immediately those com-
modities of which she is in such dire need.

I have had the honour—my use of the word " honour " is

no Jacon de parler— of mteting M. Venizelos and many of

his Ministers, and I am in a position to state that it is the
intention of the Greek Government to develop Greece in

all directions. Political, Agricultural, Mineral, and so
forth. I know for a fact that the present 0overnment has
already taken steps in this direction, and I know some-
thing of their plans for the future.

This war has seen the connection by rail of the ports
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Pira:us and Salonica foe military purposes, and I have
reason to believe that this railway is to be developed for

commercial purposes. Think what this means—a trunk

line throughout the length of the land, with a states-

man at the head of affairs who is passionately devoted

to, and a firm believer in, the future welfare of

this country. Greece is full of undeveloped mineral

wealth, and from this trunk line will radiate branch lines,

giving, in themselves, opportunities to British manu-
facturers. Further than that, you are aware that in any
country, developed or undeveloped, the arrival of a rail-

way means an increase in the population and industries of

the regions through which that line passes, and this means
yet more outlets for British produce -outlets which in the

neat future you will be so anxiously looking for in vain if

you do not seize present opportunities.

At the commencement of my remarks I told you that

one of the first objects for which I was sent out to Greece
was to inspect, and if I thought fit, to secure the use of,

the " Zappeion " Building for our Exhibition of British

Industries. I took the precaution of sending commercial
men, both English and Greek, on the spot, as to the

advisability of holding the Exhibition, for I foresaw that if

the Exhibition was organised, advertised, and proved a

failure, it would lead to great disappointments both in

Greece and at home.
I would point out to you that the Exhibition which we

propose to hold will be in its way unique. Big Exhibi-

tions of various kinds have been an almost common
annual event in all pans of the world in pre-war days, but

I think I am right in saying that this Exhibition of British

Industries will be extremely practical. It will be a purely

selling Exhibition. I venture to assert that every ex-

hibitor who can guarantee immediate, or at all events

quick delivery of bulk to the samples which he exhibits,

will not only pay his expenses but will make a very large

and immediate profit, without undue expense or risk.

Further than that, he will have the comfortable feeling

that be is doing his bit for bis country in the great

economic war upon which we are now embarked.
We will hold this Exhibition on such a scale that it will

attract all classes of buyers, not only from Greece but

from many or all of the Balkan States and the Levant.

As I said before, all these countries need everything, and
need it at once.

The Greeks have plenty of money, and—born traders

that they ate—they ate longing to turn it over, and they

waiii British goods. Are you going to supply them ? I

should like to see British products in every shop and
every home in the Near East. It is up to you manufac-
turers to bring about this very desirable state of affairs.

To show you that the Greeks themselves have a similar

feeWng, I may tell you that I brought with me from
Greece an offer from a Greek gentleman to put up the sum
of ;£'40,ooo towards the erection of a depot for purely

British goods in Athens, on the understanding that it

would be organised and run by Englishmen.
Remember that in arranging this Exhibition the Federa-

tion has no axe of its own to grind ; iu one and only

object is to promote the interests of its members, and,

through them, the interests of British Industries as a

whole.
I have taken up a most unconscionable amount of your

valuable time, for which I humbly apologise. The excuse

I offer is that I have been on the spot, I have studied the

conditions, and although I frankly confess that I started

as a pessimist, I equally frankly confess that I have
returned to this country a real optimist as to the possibili-

ties for British trade in the Near East, using Greece and
out Exhibition as a stepping stone.

Institution of Electrical Engineers.—At the meet-

ing on April 24, at the Institution of Civil Engineers,

Great George Street, Westminster, at 6 p.m., Major A. C.

Fuller, R.E., will read a paper on " The FuUcrphone and
its application to Military and Civil Telefftapby."

PROCEEDINGS OF SOCIETIES.

ROYAL SOCIETY.
Ordinary Meeting, April 3, igig.

Sir J. J. Thomso.n, O.M., President, in the Chair.

The following papers were read :
—

" Note on the Intensity Decrement in the BaUntr Series."

By T. R. Merton, D.Sc, and Prof. J. W. NicholsoK,
F.R.S.
Twelve members of the Balmer series of hydrogen have

been observed in vacuum tubes containing a trace of
hydrogen in helium at a pressure of 41 mm. of mercury.
In contrast with the diffuse appearance of the last of
these members in pure hydrogen, they were observed in

the present instance as sharp though faint lines.

A quantitative comparison of the intensity distribution

in these tubes containing pure hydrogen, water-vapour,
and a mixture of hydrogen and helium at low pressure,
has shown that the visibility of the higher members of the
series in the high pressure tubes is most probably due to

the fact that the energy under these conditions is con-
centrated within narrow limits of wave length, instead of

being distributed through a broadened line whose energy
content is, in fact, greater.

The observed results seem to be incompatible with the

quantum theory of the hydrogen spectium developed by
Bohr.

" Determination of the Secular Accelerations of the

Moon's Longitude from Modern Observations." By Prof.

E. W. Brown, F.R.S.

' Inter-crystalline Fracture of Metals under Prolonged
Application of Stress.'' By W. RosENHAiN, D.Sc, F.R.S.,
and S. L. Archbutt.
The authors" observations have shown that in a number

of metals, including lead, mild steel, and an alloy of
aluminium with zinc and copper, the prolonged applica-

tion of stress will, in certain cases, produce an abnormal
type of fracture in which the crystals become separated
from one another, instead of being broken or torn across
in the normal manner. An exact similarity to this type of

fracture is found in the "season cracking " of brass. In
the latter case the applied stress is an internal one arising

from elastic deformation. The authors base an explana-
tion of this type of fracture on the hypothesis, formerly
advanced by one of them and widely accepted among
metallurgists, that the constituent crystals of metals are
held together by thin layers of an amorphous inter-

crystalline " cement," whose properties resemble those of

a greatly under cooled liquid. When stresses are applied
to such an aggregate, the viscous under-cooled liquid

films behave, in the first instance, like a very strong and
hard material (somewhat resembling glass), and when
fracture is brought about at any ordinary rate it occurs by
the failure of the crystals themselves and not by the tearing

away of one crystal from another. Under the prolonged
action of stress, however, the viscous cement will, in

favourable circumstances, yield slowly, so that the crystals

become detached from one another. Whether this will

occur or not must depend upon the character of the inter-

crystalline boundaries ; if these are rough and irregular,

viscous flow will be prevented, but if they are very smooth
it will be facilitated. The authors observations show that

in the cases where inter-crystalline failure occurs the metal
has been subjected to some annealing process which has
allowed the crystals to acquire smooth regular boundaries

;

where such smooth boundaries do not exist this type of

failure is not met with. The practical importance of

avoiding such " over-annealing ' is pointed out. .^s the

viscosity of a liquid rapidly decreases with rising tempera-
ture, it would follow that inttt-crystalline failure of this
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*ype will be favoured by a slight rise of teniperalute ; this

s known to be the case with brass, and the authors point

out that cases of inter-crystalline cracking in steel have
mainly been met with in the plates of steam boilers

working at high temperatures.

''Zonal Harmonics of High Order in Terms of Bessel

Functions." By J. R. Airey, D.Sc.
A formula expressing the zonal harmonic Ph(8) in terms

of the Bessel functions Jo(2) and Ji(2) has been given by

Lord Rayleigb, viz.,

—

P"(fl) = JoW + {»'joW-2~j.w;

where 2 = a$ and a^ = n{n + i), which is specially

applicable when n is large and S is small. Further terms

in the coefficients of Jo and Ji have been found, requiring

the evaluation of integrals involving Bessel functions ;
—

In its extended form

fx^"]o]idx and

te

?n(e) = (a

J Jo»
^dx +

m :

—

+ •

' + - - - +
7" + .

J Jo

- JrW-
) 60

Tables of the coefficients, n, B, y, &c., which are

functions of 6 only, have been calculated to give the values

of Pn{9) to six decimal places for each angle of the

quadrant. The formula can be employed even when the

order n of the function is comparatively small and the

argument 6 as great as ^ir.

NOTICES OF BOOKS

A Manual 0/ Chemistry. By Arthur P. Luff, M.D.,
B.Sc, F.R.C.P.Lond., F.LC, and Hugh C. H.
Candy, B.A., B.Sc. Land., F.I.C. Sixth Edition,

enlarged. London, New York, Toronto, and Mel-

bourne: Cassell and Company, Ltd. igi8. Pp.

xix. + 745. Price 12s. net.

There can be no doubt that the medical btudent desives

great advantage from the use of a book on chemistry

which has been specially written to meet his requirements,

and of such works this is one of the very best and most
appreciated, as may be gathered from the number of

editions through which it has passed. All the chemistry,

inorganic and organic, theoretical and practical, which
the student requites for the First Professional and First

and Second M.B. Examinations is included, and it will be

a great convenience to have it all brought together in one
volume, which although much enlarged :s still quite

moderate in size. A sound general knov.'ledge of the

elements of chemistry could be obtained from the book,

and the authors have taken special care to give the

student an insight into fundamental principles while

keeping well in view bis particular requirements. In the

sixth edition much mo>e organic chemistry has had to be

included than heretofore, and the sections on the sugars,

cyanogen, urea, uric acid, and amino acids have been con-
siderably extended. Mote practical work is also described,

and all that prescribed for the First Professional snd First

and Second (Part i.) M.B. Exaaminations is fully coveted.

BOOKS RECEIVED.
"Van Nostrand's Chemical Annual." A Handbook of

Useful Data for Analytical, Manufacturing, and In-

vestigating Chemists, Chemical Engineers, and
Students. Fourth Issue, igi8. Thoroughly Revised

and Enlarged. Edited by John C. Olsen, A.M.,
Ph.D. Pp. xiii-l-778. London ; Constable and Co.,

10, Orange Stteet, Leicester Square, W.C. 13s. net.

NOTES.

The funeral of Sir William Crookes took place on
Thursday last, April 10. A service at St. John's Church,
Notiing Hill, was conducted by the Rev. H. Mackean.
The chiif mourners were Mr. and Mrs. Bernard Crookes,
Mr. Walter S. Crookes, Mr. and Mrs. L. P. Crookes, Mr.
and Mrs. A. J. Cowland, Mis. Henry Crookes, Mr.
Charles Crookes, and the grandchildren. Miss Enid,
daughter of the late Joseph Crookes, and Master Willie

Crookes, the son of Mr. L. P. Crookes. The congrega-
tion included representatives of all the learned Societies

in London, personal friends of Sir William. Among those
present were Sir Joseph Thomson, CM. (Master of

Trinity College, Cambridge, representing the Royal
Society), the Hon. R. Clere Parsons (representing the

Royal institution of Great Britain), Sir Boverton Red-
wood (representing the British Science Guild), Prof. John
Perry (representing the Briitsh Association), Sir Herbert
Jackson (President of and representing the Institute of

Chemistry), Mr. W. M. Mordey (representing the Institute

of Electrical Engineers), Sir William Tild'-n, Sir Lawrence
Jones (representing the Society of Psycuical Research),
Prof. Frank Clowes, D.Sc. (past President of and repre-

senting the Society of Chemical Industry), Dr. Alex. Scott
(Vice-president of and representing the Chemical Society),

Mr. W. F. Reid (chairman of the Institute of Inventors),

Sir David Prain, Sir J. Larmor, M.P., Sir William Davi-
son (Mayor of Kensington), Dr. Abraham Wallace, Dr.
Francis Fox, Lady and Miss Macdonell, Dr. Donald Hood,
Dr. Emerson Reynolds, Dr. and Mrs. Henry Armstrong,
Sir John Snell, Prof. A. Schuster, and a number of repre-

sentatives of the Nofting-hill Electric Lighting Company.
After the service at the church the members of the family
proceeded to the Brompton Cemetery, where a further

short service was held, and the body of Sir William was
deposited in the family grave beside that of Lady Crookes,
who died i 1 May, 1916.

The British Science Guild has decided to organise
an Exhibition in July and August on the lines of those
held last year in London and Manchester. This year's

exhibition will be on a much larger scale and will be held

at the Central Hall, Westminster. The objects of the

Exhibition are to illustrate recent progress in British

Science and Invention and to help the establishment and
development of new British industries, and will deal with
the following subjects :—Agriculture, Aircraft, Chemistry,
Education, Electrical Apparatus, Engineering Fuels,

Medicine and Surgery, Metallurgy, Paper— Illustration and
Typography, Physics, and Textiles. Each Section will

be under the management of a Committee. Chemistry
will receive special attention. The committee appointed
for this section is as follows :—Walter F. Reid (Chair-

man) ; E. F. Armstrong, D.Sc. ; J. C. Cain, D.Sc. ; J. H.
Gardiner ; C. A. Keane, D.Sc. ; Robert Mond ; Prof. J. C.
Philip, D.Sc. The Exhibition will enable new machines,
appliances, and devices to be displayed before a large

public. It will thus provide inventors with an opportunity

of demonstrating the products of their ingenuity, and
progressive manufacturers with a place to show the uses

they have made of science and invention in new, or the

development of old, industries. It is intended to publish

a descriptive catalogue of exhibits similar to that issued

last year and containing articles upon matters relating to

scientific and industrial research of interest to manu-
facturers. Arrangements are also being made for the

delivery of lectures upon impoitant lines of progress, and
several conferences will be held with the view of pro-

moling eskChange of views between makers and users, and
scientific workers and industrialists. Demonstrations and
the exhibition of kinematograph films of scientific and
technical interest will be given daily, and as many as

possible of the machines and accessories will be shown in

action.
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Mr. George Hubbard, F.S.A., F.R.I.B.A., speaking

at the Koyal Institute of British Architects on Februarys,

on the Constiuction cf a Dew-pond, described how it was
possible to obtain a water supply in the absence of

springs, rivers, and rain. At the outset he explained that

the atmosphere which was warmed during the day was
capable of containing a greater percentage of aqueous

vapour than it could retain if It were chilled below the

dewpoint during the night. The deposition of the aqueous

vapour took place freely upon a condensing surface

thermally isolated from the earth by a good non conductor

of heat. He referred to the ancient dew-ponds which

formed the waist supply to Neolithic man in his settle-

ments on the hill tops, and to natural dew-ponds in the

Colesberg district of Cape Colony, where, in the absence

of springs, streams, and rains, ponds have a higher water

level in the morning than they had in the previous evening.

Mr. Hubbard proceeded to explain how he and his brother

constructed a dew-pond in a very low-lying piece ol land

to test the question as to whether it would be possible to

obtain a water supply even under unfavourable conditions

in the absence of rain, springs, or streams. They began

by excavating the earth ever an area of loo ft. square to

a depth of i It. 6 in. ; over this they laid a bed of 4 in. of

cement concrete and thickly coated the surlace of this

with pitch. The sur'ace of the pitch was then spread

over with fine sand, and mica slabs 2 ft. square and 2 in.

thick were laid in regular order on top of the sand ; about

an inch space was left around each slab. In order to keep

these slabs quite dry and so preserve their heat noncon-

ducting property, the whole surface of the pond was

covered with J in. of asphalt. The asphalt tan into spaces

between the slabs, but when it was completed it repre-

sented an even black appearance over the whole pond. At

an early hour on an autnmn morning, after a rainless

night, the pond presented an extraordinary appearance.

The whole surface looked like a chess-board with some

2500 perfect white squares all ruled off regularly by hard

pitchblack lines about i in. wide between them. There

was very little dew on the grass arouud the pond, but in

the pond, immediately above each mica Fquare, tall white

hoar frost was standing, but there was not a trace of hoar

frost on the asphalt above the joints, which stood out as

hard black lines. In a few hours the sun melted the boat

Irost, and hundreds, if not thousands, of gallons of water

lay ill great pools and puddles on the surface of the pond.

It was a comparatively warm day, and the asphalt, pro-

tected as it was by the mica slabs, retained the heat, and

the sun in the course of the day dried up the pond.

A VERY simple method of estimation of the quantity of

dew deposited naturally on grass is described in the Meieoro-

logische Zeitschrift, xxxv., 48, by Dr. V. Parchinger, who

places a sheet of blotting-paper on the grass to absorb

the dew and subsequently determines its increase of

weight. The highest value mentioned for the dew-fall is

0-17 mm.

Diamonds are, in value, far and away the most im-

portant product of South-West Africa, though the best

deposits in which they are found ate rapidly being worked

out. The gravel which contains them lies in a strip along

the coast, and no stones have been discovered more than

fifteen miles from the sea. The deposits were first made

known in April, 1908, and were so actively exploited

during subsequent years that in 1913 they yielded over 20

per cent in value of the total diamond output of the

world. The yield for that year was 1,284,727 carats,

valued at £2,698,500. During 1914 the production of

1913 was left far behind. Up to August, 1914, 5,400,000

carats had been recovered, valued at nine and a quarter

millions sterling. The average size of the stones increases

steadily from north to south until it reaches a maximum in

the Pomona area. The diamonds are quite unlike those

washed from the blue ground of Kimberley 0: the Trans-

vaal. In hardness and brilliancy they resemble Brazilian

stones, and though small in size show a quality uniformly

good. The largest stone discovered by the Germans was

34J carats ; the average size varies from a fifth to a sixth

of a carat. The layers of diamond-bearing gravel are

usually from 4 to 6 inches thick, but between Luderitz
Bay and Elizabeth Bay they sometimes extend to 25 and
even 30 feet. In the rich holdings of Ida Tal, Pomona
district, ;the gravel has yielded 200 carats per cubic metre at a

working cost of 2S. 2d. pet carat. In the poorer and more
distant workings the cost has run up to 35s. a carat.

Belore the war the diamond industry employed some 500
whites and 5000 coloured labourers (Cape Boys and
Ovambos). The richest and most accessible deposits have
already been worked out, and although the recovery of

diamonds is considered likely to continue for some lime to

come, the "life" of the fields was not expected by the

Germans to extend beyond twelve or fifteen years. No
important new areas have bei'n discovered since 1910,
though prospecting has been vigorously pursued. The
German Government of the Protectorate controlled the
sale of diamonds through the Diamcnten-Regie, formed
in 1900, and in 1914 defiiiiic quota was assigned to the

individual mining companies. The purpose was to keep
the market steady, to maintain profits, and to encourage
development. The profits made by companies which
secured rich holdings were almost beyond belief. The
Koloniale Betgban-Gesellschaft during the four years 1910
to 1913 distributed dividends amounting in the aggregate
to 112 times its capital of £5025. These dividends, of

which the highest was 3800 per cent for igi2, were dis-

tributed after meeting the heavy Government taxes.

—

Board 0/ Trade youmal.

German trading interests are already making arrange-
ments lor the importation into the United States of

German and Austrian china and earthenware. According
to information from an authoritative source, interviews

have taken place in New York to arrange for the handling
of these goods. Their view is that there will be a consider-

able market for them here if they can be bought at a
cheaper piice than English, Japanese, or domestic goods.
It is reported that one German agent has already made
plans to obtain a large quantity of china, and that the
goods will be marked " Made in Bohemia" or " Made in

Bavaria," as it is believed that the buying public can easily

be persuaded that neither of those countries was respon-
sible for German aggression.

—

Board of Trade yonrnal.

During the war the manufacture 01 paper underwear
received special attention in Germany, and it is reported
that very considerable advance was made. Paper gar-

ments are said to have been produced that were soft to the

touch and could be washed repeatedly without deteriora-

tion.

We are glad to announce that Messrs. Ilford, Ltd., the
well-known photographic plate makers, have been able to

greatly reduce the prices of their plates, and that they are
no longer asking for the return of old negative glasses.

S. AND A. Galeraith, Manufacturers and Merchants,
Kyle Factory, Cumnock, desire to get into touch with
publications dealings with preserve and sogar-boiling
trades.

NOTES FROM FOREIGN SOURCES

Chlorine Index as a Comparative Measure of the
Richness of Soils in Humui. - L. Lapicque and E.
Baibe.—The nuthors have shown that when sodium
hypochlorite (Eau de Javel) acts on arable soils it loses

active chlorine in proportions which vary within v. ry wide
limits. This eflect is a measure of the amount of humus
in the soil, and a method of classifying soils in the order

of their richness in humus may be based upon it. This
method, of which the details ate giren, bis the advantage
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of being very rapid, and the process can be carried out on

the spot.

—

Comptes Rindiis, clxviii., No. 2.

Method of Rapid Reduction of Potassium Chloro-

platinate.—M. Horsch.—In all methods of determining

potassium by the reduction of potassium chloroplatinate

the platinum is weighed in the form of powder, and has to

be washed, filtered, dried, and ignited with the filter,

which involves waste of time and probable loss of material.

The new method described by the author is very rapid ai;d

simple, ana gives s.itisfactory results. The salt is dis-

solved in boiling water, alcohol is added, and the solu-

tion is evaporated to dryness in a platinum crucible over

a water-bath. The metallic platinum then forms a

coherent and uniform film on the walls of the crucible.

Formaldehyde effects the same reduction, but the film

does not adhere completely and the process is less rapid.

— Comptes Rendus, clxviii.. No. 3.

Constitution of Nitrous Fumes.— P. Jalibois and

A. Sanfourche.— If air and nitric oxide are mixed in the

proportions necessary to make N1O3 combination is iii-

stantaneouj ; at the end of one-tenth second the reaction is

complete. After 100 seconds contact no nitric compounds

are formed, showing that gaseous NjOj is not dissociated

in these conditions. If air and nitric oxide are mixed in

the proportions necessary to form NOj the Ni03 stage is

very rapidly reached. After one second no appreciable

amount of NO2 is formed, while after 100 seconds the

transformation is almost totally effected.—Cowi^ici Rendus,

clxviii. No. 4.

o- and 3-Oxydihydrocinchonines and their Role in

the Production of certain Isomers of Cinchonine.—
E. Leger.—The author has previously shown that a-oxy-

cinchonine is really an oxydihydrocinchonine, resuUing

from the fixation of H2O at the double bond of cin-

chonine. To find out whether the $ isomer has the same

origin he has studied the action of HBt and H2S04 on it.

Like the a derivative the so called f3-oxycinchonine did

not yield a hydrobromo derivative containing an O more

than cinchonine, but hydrobromocinchonine and hydro-

bromo apocinchonine. These two compounds were

accompanied by isomers of cinchonine—cinchonigine,

cinchoniline, apocinchonine, i cinchonine, and some un-

altered (3-oxycinchonine. When 50 per cent H2SO4 acts

on the 3 isomer cinchoniline is the chief product, mixed

with cinchonigine, snd the same compounds are obtained

with 70 per cent acid, the yields beine; increased. Thus

the so-called S-oxycinchonine is real.y an addition j^ro-

duct of H2O and cinchonine. The a and 3 compounds

are stereo isomers, and their rotatory powers differ only

slightly.

—

Comptes Rendus, 1919, clxviii., 404.

Constitution of Geraniol, Linalool, and Nerol.—

M. Vetley.—The author believes that geraniol, which is

easily obtained by reduction of cittal, possesses the

formula

—

CH2 CH3
II I

CH3-C-CH2—CH2 - CH2—C =CH—CH2-OH

and corresponds to citronellol. Two distinct isomeric

forms exist of the substances of the geranic series which

ate found in nature, i.e., geraniol, citral, linalool, and

methylheptenone. The a form is much the most

abundant ; it is often accompanied by the 8 modification,

but the latter occurs in small quantities only. Only very

small amounts of nerol occur. Nerol or S citral accom-

panies citral in essence of lemongrass, and isolinalool is

similarly associated with ordinary linalool. Dipentene is

easily obtained directly from geraniol by loss of water and

closing of the chain, a reaction which is readily brought

about by the action ol certain dehydrating agents such as

formic acid. As geraniol is the oxygen derivative which

is most widely distributed in natural essences, when
limonene also occurs in great abundance, it is possible that

these two compounds are derived from one another. The
terpene which corresponds to netol is the terpinolene

191

which is the modification of the dipentene—

CH, *CH2—CH;
CHj**^ "'^'^CHj—^ChSC—CH3.

Like nerol thia terpene is rare. It is i^pontaneously trans-

formed into dipentene in the cold, and r.ipidly when
warmed to 230° in presence of water.

—

Bull. Soc. Chim.
de France, igig, xxv.-xxvi., 68.

Researches on Molecular Transpositions of
«-GlycoIs.—A. Orekhoff.—According to Werner's theory
of valency the attractive force of an atom of carbon does
not represent four distinct forces, preexistent and oriented
in space, but is a single force acting in all directions from
the centre of the atom. Valency is only an empirical
relation according to which atoms unite with one another

;

the total affinity of an atom may be regarded as constant,
while the force of combination of the carbon atom with
other atoms may vary within wide limits. This theory
provides satisfactory explanations of the molecular trans-
positions of a glycols. Different radicals possess different
" aptitude for migration " or " relative mobility." The
nature of the migrating radical may be modified by the
introduction ot substituting radicals in the benzene nuclei.
The nature of the dehydrating agent lay have a con-
siderable influence on the orientation of the transposi-
tion. The group C6H5CH2 possesses a mobility and a
saturation capacity less than the group C6H5.

—

Bnll.
Soc. Chim. de France, 1919, xxv.-xxvi., g.

Action of Alcoholic Iodides on Neutral Sodium
Phosphate in Aqueous Solution.— Octave Bailly.

—

The alcoholic iodides react on neutral sodium phosphate
in aqueous solution, giving, in the case of the first members
of the series only, considerable proportions of the corre-
sponding phosphoric mono ether

—

PO(ONa)3-|-RI = PO(ONa)20R-l-Na[.

The iodides of methyl, ethyl, allyl, propyl, isopropyl, and
isobutyl were nsed, and deminormal aqueous solutions of
trisodium phosphate. The temperature at which the
reaction was carried out was 60° in the case of the iodides
of methyl and allyl and 100° with the other iodides. The
monoether was extracted, after elimination of the un-
attacked phosphate, in the form of the calcium salt which
is very soluble even in the cold. A number of new alkyl
phosphates of the alkalis and alkaline earths have thus
been prepared. Besides the monoether there is always
a small quantity of monophosphoric diether formed

—

P0(0Nat3-f 2RI = P0(0R)20Na4-2NaI. The compounds
obtained are really the phosphoric monoethers (alkylphos-
phates) and not the tautomeric bodies (alkylphosphinates)
in which the alcoholic residue would be directly united with
the pliosphorus. The compounds are hydrolysable with
regeneration of phosphoric acid. Generally speaking the
solubility of the alkyl phosphates, derived from the mono-
valent alcohols, of the alkaline earth metals is greatest
in the case of the barium salt, less for the strontium, and
least for the calcium salt.

—

Comptes Rendus, 1919, clxviii.,

560.

New Passage from the Fatty to the Aromatic
Series.— I. Komninos.—When malonyl chloride acts on
acetone in equimolecular proportions phloroglucine is

produced, and at the same time a crystalline substance of
formula CI.CO.CH2.CO.CH2.CO.CH3. This substance
under the action of calcium carbonate loses HCl and is

nearly quantitatively transformed into phloroglucine.
The constitutional formula of the latter is justified by this
synthesis. This research leads to a new synthetic method,
based upon the condensation of the chlorides of acid
radicals and ketones, and providing the simplest means of
passing synthetically from the fatty to the aromatic
series. -Bull. Soc. Chim. de France, igiS, xxiii.-xxiv., 449.
Detection and Determina.ion of 3-Nitroso-

Naphthol.—P. Nicolardot and L. Valli-Douan.— In view
uf the price of iiinitroso-naphthol it is important to be
able to determine it by an accurate method, as commercial
products may contain various impurities (unattacked
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naphlhol, various isomers, Ac). When to an acetone

solution of ^-nittosonaphthol a titrated solution of a

ferric salt is added, the complex (CioHoONO)3Fe, in which

the iron is masked, is formed. Wnen all the /Snitioso-

naphthol has been converted into complex an excess of

ferric salt is revealed by a drop of ammonium sulpho-

cyanide. The method can be made rigorously quantita-

tive by adding to the acetone solution of tinittoso

naphthol an excess of about 10 cc. of titrated ferric salt

and 50 cc. of distilled water, shaking for two minutes,

and then allowing to stand till the next day. The preci-

pitate then ssttles, and can be filtered off through a double

filter paper. After having been washed it is dried it 70'

to constant weight. The molecular weight of /i nitroso-

naphthol is 173 and that of the ferric complex is 572. The

factor is therefore ^21113 = o-goy.—Bull. Soc. Chim. de

572
France, 1918, xxiii.-xxiv., 455.

Reduction Products of Oxymethylcne Camphor.

—

H. Rupe, A. Aketmann, and H. Takagi.—When oxy-

methylene is reduced with hydrogen m presence of nickel

at the ordinary temperatuie and pressure, the chief product

of the reaction is the keto-alcohol camphyl carbinol. From
80 to 95 per cent of the theoetical amount of this alcohol

may be obtained, and 5 to 20 per cent of other substances,

the chief of which is methylene camphor. The formation

of this compound is due to the abstraction of water by the

nickel. The second by-product is methyl camphor, and

the ethyl ethers of camphyl carbinol and of oxymethylene

camphor are also formed. Although careful search was
made there were no traces of a second steteo-isomeric

form of camphyl z2Lih'\no\.^Helvetka Chimica Acta, 1918,

i., 452.

MISCELLANEOUS.

Royal Institution.—The following are the lecture

arrangements at the Royal Institution, after Easter:—
Prof. Arthur Keith, four lectures on " British Eshnology

—

The People of Wales and Ireland." Prof. W. H. Bragg,

two lectures on " Listening under Water." Dr. H. S.

Hele-Shaw, two lectures on "Clutches." Prof. Frederick

Keeble, two lectures on " Intensive Cultivation." Sir

Valentine Chirol, two lectures on " The Balkans " Prof.

H. S. Foxwell, two lectures on "Chapters in the Psycho-

logy ot Industry "—(i) " Fourier and other Pioneers in the

Movement for theHumanising of Industry "
; (2) " Modern

Industrial Organization— where it fails to observe the

humanities of Industry and the Results." Mr. J. vVells,

two lectures (i). "Caesar's Personal Character as seen in

his Commentaries"; (2). " C.-esar as a General." Mr.

Julius M. Pri:e, two lectures on "The Italian Front."

The Friday Evening Meetings, at 5 30 o'clock, will com-

mence on May 2, when Ptof. John W. Nicholson will

deliver a Discourse on " Energy Distribution in Spectra."

Succeeding Discourses will be given by Sir George

Macartney, Dr. S. F. Harmer, Sir Alexander C. Mac-

kenzie, Sir John Rose Bradford, and Prof. Sir Ernest

Rutherford.

Relation of Dehydration to Agriculture.—G. C.

Prescott (U. S. Dept. of Agriculture, Circular ia6,

January 25, igig). — Drying has been known for hundreds

of years, and is probably the oldest method of food pre-

servation which the human race has employed. In this

country it was used in the early colonial days for both

animal and vegetable foods. Massachusetts colonists

dried corn after it had been cooked, the product being

known as samp. Fruits, and especially the apple, were

alio dried in considerable quantities. Along the coast the

drying of fish became an impjrtant industry. In other

pans of the country other vegetables and fruits and meat

product! were dried. Peas and swett corn may bs men-

tioned as examples of the former, while along the Pacific
Coast the long sunny period lends itself particularly to the
drying of prunes, raisins, and other Iruits. In the arid
regions of the interior the Indians, and later the early
settlers, dried their beef or buffalo meat by cuttmg into
thin strips and hanging up for sun and wind to remove the
excess moisture, and sear over the outside with a protec-
tive coating which would prevent infection and spoilage.
This was known as jerked beef. The advantages of
dehydration are almost too obvious to require extended
statement. Most evident of all is the loss in weight.
Vegetables in common use contain from 5o to 95 per cent
of water. The dehydrated product should contain from
5 to 10 per cent of water. There is therefore a very large
reduction in weight and consequent saving in transporta-
tion charges, which are, in general, based upon weight.
Similarly, there is a loss in bulk amounting from 50 to 80
per cent of the bulk of the raw material. From the stand-
point of agriculture the greatest advantage of dehydiation
is in the stabilisation of crops and the conservation of
materials. With dehydration the excess o( the years of
great yield can be stored up and made available in the fol-

lowing year when prices are higher and the crop much
smaller. Another great advantage is in the conservation
of food materials. It is estimated that over 50 per cent
of the fruiis and vegetables grown in this country never
reach the consumer as a result of poor transportation
facilities, irregularities in marketing, of other causes. A
third factor of importance in relation of dehydration to
agriculture lies in the better diversity of crops that can be
secured, and as a result of this the gieater vaiiety available
to poor and rich alike throughout the year.

—

yoiirnal
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THE ANALYSIS OF BRASS INGOTS FROM
SWARF.

By R. H. DEAKIN, M Sc.

The following mode of analysis of brass made from swarf

has been found 3c:utate and speedy. The elemenls esti-

mated are Cu, Zn, Pb, Sn, Fe, Al, Ni. The [noces* of

analys.s is divided into tout portions.

I. Copper (mryiitg from 55 to 70 per cent)—By the

usual iodometric thiosulphate process on 0-50 grni. of the

alloy. The addition of 2 cc. 20 per cent sodium phosphate
to the acetic solution prevents the iron present from react-

ing. The true end-point with these braisis is found to ba

the point at which the colour of the solution changes
from reddish-brown (following the purpUof starch-iodide)

to pale buff, and when a further drop of N 10 sodium thio-

sulphate produces no further change in the colour o! the

bulk. Too high results are obtained if the end piint is

gauged by the effect of a drop of thiosulphate falling on
the surface. Abnormal copper figures are checked by ths

electrolytic deposition method.
II. Zinc and Nickel (Zinc 30 to 45 per cent). —The zinc

is estimated by the volumetric feriocyanide process after

removal of the copper as cuproua tbiocyanaie. i grm. of

the brass is dissolved in 10 cc. cone. HCI and 2 cc. cone.

HNOj. The HNO3 is boiled off, and after dilution to

100 cc. the solution is made ammoniacal and then just

acid with HCi. Sulphur dioxide is bubbled through the

hot solution till the colour pales and 7 cc. 20 per cent

ammonium thiocyanate ate added. After a lurihcr pas-

sage of SOj, and standing for one half hour in a warm
place, the CuCN$ is filtered off through hard double
pipers, the ptecipitata being washed with aired water.

(Tne CuCNS, ignited direct in the gas mufll: to CujS
wiih possibly some CuO, serves as a useful check on the

volumetric copper).

10 cc. cone. HjSO^ are added to the filtrate, and after

boiling a few minutes, 5 cc. HNO3, which completes the

destruction of the excess thiucyanats. The solution is

then taken to fuming, diluted, lead sulphate filtered off,

and to the filtrata a grm;. NH4CI and excess NH4OH
added. Fiom the hot sjlution tiie bydiates of Fe and Sn
tcs filtered off and washed well with hot 5 per cent
ammonia water containing ammoniam chloride.

(Sxamination of (base hydrates shows that with ordi-

nary care not niori than o'oj per cent, zinc is lost at this

Ittga).

Tba flitrata is bollad to rcmova excess ammonia, tnads

tcid with cone. HCI, and 3 cc. excess added. It is than
titrated with a lolution of potassium ferrocyanide

(l cc. — approx. 001 grm. Zn) after heating to boiling and
with a bulk of aje cc. The external end point with
uranium acetate is soon observed with accuracy once the

operator has become familiar with the transient end-point
which Srst appears.

In practice it was found unneeessiry to filter off the lead

sulphate, since if left in the solution it is partly removed as

hydrate with tba iron, and moreover what remains has no
serious influenit on the titration. 2in« foil and zin«

oxide were found to contain lead and other impurities, so
atandardixation of tba farrocyanida was finally achieved
with pure stiak lina, observing idantieal conditions of

acidity, &c., as with the samples.
Nickel, which is frequently present (trace O'oi, 006 pet

cent), is looked for after removal of the iron and excess

ammonia in the above process. It is precipitated as

nickel oxime, filterad off, and estimated cyanometrically

with N/50 solutions. The zinc solution is boiled down
with MCI to destroy excess glyox me before ti rating.

Care must be exercised that no zinc hydrate is left on the

filter with the nickel oxime.
III. Lfiui (up to 2'o pet cent).—This is estimated by

the familiat fuming process with sulphuric acid. The lead

sulphate, dissolved in ammonium acelaie, being finally

precipitated as lead molybdate. With regard to the for-

mation of acid lead niolybdates the following is of

interest :

—

oiigg grm. of pure lead nitrate (containing the amount
of lead present in 5 grms. of a brass with 1-50 per cent,

lead) gave—
(a). On adding 5 cc. of 5 per cent, ammonium molyb-

date, all at once, to the boiling ammon um acetate lolu-

tion of the lead sulphate, a silky yellow precipitate which

worked out at i 57 pet Icsd.

(b). 0.1 adding the ammouium molybdite drop by drop

only (till as far as possible no further precipitate formed),

a white granular precipitate, rapid to filter, and which

worked out at 150 per cent lead. The ammonium molyb-

dite must therefore be added drop by dro".

IV. Tin (up to I per cent), Iron (up to i per cent), and
Aluminium.—Iht usual method of estimating tin in

brasses, by isolation of metistannic acid with HNO3,
leads to contamination of the ignited SnOa with iron, if

this element is present in the brass.

A method .for tin, depending on the quantitative precipi-

tation of the hydrate (Price and Mead, "Technical

Analysis of Brass," p. 116) has been tried and, after modi-

fication, found satisfactory. It has the advantage of

leaving the ircn in a reduced condition in solution. 5 grms.

of the brass, after careful cleaning with a magnet, are dii-

solved in 40 cc. of a mixture of 3HCI (cone), 1HNO3
(cone.) After dilution to 200 cc, 2 grms. NH4CI and

40CC. NH4OH are added. The solution is brought to the

boil and filtered through pulp and washed well with hot

5 per cent, ammonia water. The pad is extracted with

hot I : I HCI and cold water back into the same beaker

and reprecipitated with ammonia, filtered, and again

wash:d with ammonia water. Then follows a second

exitaction, this time with cold 1:3 HiS04, which leaves on

the pad as sulphate any lead present. 5 cc, cone. H2SO4
are added to the egtract, which is made up to a bulk of

joo cc, and through it when hot is passed a rapid stream

of HjS. When the solution is saturated it is allowed to

stand on the edge of the hot plats till tba tin sulphide

coagulates and settles. The sulphide i> filtered off through

hard double pleated pipers and washed with H^S water

containing a little sulphuric acid and ammonium acetate.

It is then dried, ignited, treated with a little powdered
ammonium carbonate, ignited further, and weighed as

S1O2.
Slight contamination with copper and lead occurs and

was found by analysis of the ignited SnOi from 20 esti-

mations to give an average error of o'O07 per cent Sn (with

average 0-3 per cent 8n present). This, however, can be

much diminished by exereising greater care in washing
out the copper with ammonia water and by asing a

a substantial pad and cold i : 3 HJSO4 for tba second

extraction of the hydrates. The filtrate from the tin sul-

phide is collected in an Stienmeyer flask (600 cc).

A filter grate is introduced and the solution is boiled

and .epeatedly tested with moistened lead acetate

paper, held over the mouth of the flask, till no H2S
remains. Thirty minutes boiling is usually sufKcient, the

bulk after that time being about 230 cc. After rapid rool-

iog, the reduced iron is titrated with N/lo potaisium
permanganate.
Tba following figures ibow that complete reduetion,

reipoval of HjS, and no raoxidation take place. PouJ
portions (0-050 grm.) of iron wire were weighed out. Two
were dissolved In 10 per cent H2SO4 in Ericnmeyet flasks

I with Bunsen valves, cooled, and titrated with N/io approx.
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KMn04. They loquited 840 and 845 ". to oxidise

them. The other uvo were dissolved in HNO3, and the

hydrate precipitated with ammonia, filleted off and

extracted with 50 cc. 1 : 2 cold HjSO,. The extract was

made up to a bulk of 300 cc, heated to boiling, and HjS

passed for a quartet ot an hour. The sulphur was filtered

off, 5 cone. HiS04 added, and the HjS boiled off in 25

minutes. After cooling the solutions were titrated. Both

required 8-40 cc. KMn04.
With known added amounts of tin and iron, together

with copper and zinc, as in 5 grms. of a typical brass, the

following figures were obtained by this process :

—
Sn found Fe added Fs found

Per cent. Per cent. Per cent.

064 025 0-25

028 045 0-45

Sn added

Per cent.

o 65
0'27

When it is required to examine the brass for aluminium

the filtrate from the tin sulphide is boiled free of H^S,

oxidised with a few cc. of HNO3 (titration at this stage

would introduce manganese, which is best avoided), and

the iron and aluminium precipitated as hydrates with

ammonia and extracted into excess 30 per cent NaCH
with HCI. The iron thrown out is filtered off and esti-

mated as above or gravimetrically. The NaOH solution

is made acid with HCI, and the aluminium, after a double

precipitation with slight excess ammonia to remove sodium

chloride, is ignited to AUOj. Where much tin is present

(05 per cent or more) a small amount may not be removed

as sulphide and will contaminate the AUOj. It can be

removed with H^S before the final precipitation of the

aluminium. ;A blank on the reagents used is essential.

Traces only of manganese (0-002 per cent) and bismuth

(0-0005 per cent), also arsenic up to o 03 per cent, are

found to occur in these brasses.

MEASUREMENTS OF WAVE-LENGTHS IN THE
SPECTRUM OF NEON.

. F. MEGGERS, and P. W. MERRILL.By KEIVIN BURNS, W.

The lines in the neon spectrum are very sharp, a quality

which recommends this gas as a standard source wherever

the lines have sufficient strength. The ultra violet group

between 3369 A and 3520 A may be used for standards, and

there are a few good infra red lines, but the strength and

distribution of the lines in the region 5852A to 7438A

make the neon spectrum particularly useful as a com-

parison in this region.

I IThe wave lengths of fifty-five lines in the nson spectrum

have been measured by means of the interlerometet.

These lines lie in the region 3369 A to8495'A. The strong

lines in the visible region of the spectrum have been

observed with great accuracy, the probable stror being

ons part in several millions, or less than one-tenth the

width of the line. These strong lines were observed by

means of three different pairs of interferometer plates

which were each used on several interferometers. The

ultra-violet lines and all the strong lines in the visible were

compared directly with the fundamental standard 6438A.

Some of the deep red and infra-red lines were compared

with well-determined lines in the visible neon spectrum.

One hundred and eighty-nine faint lines in ths visible

and infra-red neon spectrum have been measured by means

of a concave grating. The probable error of these grating

measurements is one or two hundredths Angstrom. The

region covered by the grating observations extends from

5343A to 8783A.
The constant differences discovered by Watson are

found to hold with remarkable exactness in the case of

lines which are strong enough to be measured with the

highest accuracy. In fact, the differences are exactly

constant within the limits set by the accuracy of the wave-

lengths.-B«r. Stands. Set, Papir No. 329, 1918, p. 10.

PHYSICAL CHEMISTRY AND ITS BEARING
ON THE CHEMICAL AND ALLIED INDUSTRIES.*

Dy Prof. JAMES C. PHILIP, O.B.E., M.A., Ph.D., D.Sc.

In the first lecture an attempt was made, more especially

in connection with sulphuric acid manufacture and the

production of synthetic ammonia, to demonstrate the value

of certain physico-chemical principles as applied to

technology. These principles provide a rational basis for

the investigation of processes in which questions of

chemical equilibrium are involved ; they permit a concise

formulation of the influence of various important factors,

and render possible a teal scientific control of such opera-

tions when they reach the manufacturing stage.

E.xact knowledge, however, of the equilibrium condi-

tions prevailing in such technical gas reactions as those

already consideied does not suffice for the practical manu-
facturer. For obvious economic reasons he mutt raise

a question as to the velocity of the particular reaction con-

cerned. However favourable the position of equilibrium

may be wiih regard to the desired product, the reaction is

of no value from the technical standpoint, unless the

attainment of equilibrium is, or can be made, reasonably

rapid.

Now the velocity of a chemical reaction, as is well

known, can be increased by raising the temperature, but

this may involve, as in the instances of the sulphuric acid

contact process and the ammonia synthesis, an undesir-

able shifting of the equilibrium, and consequently a

diminished yield of the product. A high yield and rapid

completion of the reaction may not both be realisable

along these lines.

In addition, however, to rise of temperature there is

another recognised method of accelerating a chemical

reaction, namely, by the use of "catalysts." These ate

substances the mete presence of which in contact with the

reacting system promotes the change and hastens the

establishment of equilibrium. Chemical literature has

long recorded observations of a general kind relating to

the action of catalysts, but a rational study of their in-

fluence and their efficiency can be attempted only on

physico chemical lines. In indicating what these lines

are it is desirable to recall the way in which the physical

chemis'. atiives at a quantitative expression for the rate of

a chemical reaction.

The application of kinetic conceptions to a reversible

gaseous reaction, as discussed in the first lecture, leads to

the view that progress towards equilibrium, «.«., the net

velocity of the change, is determined by the velocities of

two opposed component reactions. Thus, if

—

A + B <- C-f-D

represents the reversible reaction, vi the velocity of the

change A + B->C-fD, Vz that of the change

C-f D —> A-(-B, and a, b, c, d the concentrations at the

moment of the four molecular species involved, then the net

velocity of the reaction is given by V-fi -vi'^kiob -izcd.

If now it is supposed that the reaction begins with A and

B alone present in the concentrations Oo and 60, and that

after an interval of time t from the start, the concentra-

tions of C and D are both x, the velocity formula

htcomtiV = ki(ao-x){bo-x)-kix''. In the language of

the differential calculus V - -A , and the progress of
dt

this reversible reaction towards equilibrium is therefore

represented by the equation—

^ = ki{a,-x)(bo-»)-
dt

kiX'i

' Cantor Lecture (II.). Delivered before the Royal Society of Arts,

December 9, igi8. Promxhe Froctttiingio/ the Royat Society of Arts,

IxvH., No. 345i.
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where ki and *2 are so-called velocity coefficients, the

numerical values of which are a quantitative expression of

the rates of the forward and the back reaction respectively.

In cases where the position of equilibrium in the

reversible reaction

—

A + B' C + D

lies practically at the right-hand extreme, the velocity of

the back reaction becomes negligible, and the velocity

equation may be written — = Ai(ao-*)(6o — ^), or simply
dt

-_ = k{ao—x){bo~x). Integration of this equation
dt

leads to the formula-

ic =.

{ao—ho)t
\0gt

bo'ao- x)

Oo(*o- xj

and if in any particular case the progress of the change
can be followed experimentally, i.e., if the values of v

corresponding with various values of t can be ascertained,
then k can be calculated, and the velocity of reaction at

the temperature of experiment is quantitatively expressed
thereby. In numerous cases the law of mass action, as

embodied in the foregoing expression for k, has been
verified experimentally; x, the amount of change in time
t, varies with t in such a manner that

—

(ao-bo)t
•og<

bojao - x)

tio{bo -X)

rtmains constant.

As an illustration of the extent to which these require-

ments of the law of mass action are fulfilled in an
individual instance the baponification of ethyl acetate by
an equivalent amount of sodium hydroxide may be taken.

This IS a time reaction, the course of which may be followed
by extracting samples of the reaction mixture from time to

lime and titrating for the residual alkali ; the quantity of

this naturally falls off as the change proceeds. In Table I.

the figures for a particular experiment are recorded, those in

the first column representing the intervals from the start

at which samples were extracted, those in the second
column giving the relative alkalinity of each sample
(alkalinity of initial mixture = I'oo), and those in the last

column giving the calculated values of the velocity

coefficient.

Table I.

—

Saponification of Ethyl Acetate by Sodium
Hydroxide.

MiQutes from start.

4
6

8

10
I?

15
20

The satisfactory constancy of the figures in the last

column demonstrates the applicability of the law of miss
action in this case.

In the reaction

—

A-fB"?' C+D,

whicb has been taken as the basis of the argument, two
molecules undergo change of concentration as the re-

action proceeds, and the velocity coefficient k is ac-

cordingly described as the constant for a " bimolecular "

reaction. On the same lines as those already followed an
expression can be obtained for the velocity coefficient of a

"unimolecular " reaction, in which only one kind of mole-

cale undergoes change of concentration ; for this case It

Relative alkalinity. Velocity coefficient.

o-65q 0-129

0-570 0126
0-487 0132
o'437 0-129
0-388 0131
0-341 0-129
0-276 0131

is found that i = _ . log? in which expression a

is the initial concentration of the substance undergoing
change, and x is its concentration after time t from the
start. Where more than two molecules undergo change
of concentration, «.«., for reactions of a higher " order "

than the second, more complicated expressions are ob-
tained for the velocity coefficient.

With these definite methods for expressing quantitatively
the velocity of a chemical reaction at any given tempera-
ture, it becomes possible to state the influence of various
factors on the velocity by recording the corresponding
change in the velocity coefficients. In reference, for

example, to the influence of temperature on the rate of a
chemical change it is customary to represent this effect by
a statement of the increase in k for a temperature interval

of 10° ; i.e., by recordintr the value of the ratio

-^''"'°.. The study of a very large number of cases has

shown that for homogeneous changes, where the reaction

system is entirely gaseous or entire'y liquid, the value of

^''''°
lies, as a rule, between 2 and 3, the velocity being

*T
doubled or trebled for a rise of 10° C.j
As with temperature so with other factors which affect

the rate of chemical change, the velocity coefficient pro-
vides a quantitative basis for their assessment. In
relation to catalysis, in particular, it becomes possible to

state the efticiency of one and the same catalyst at dif-

ferent concentrations, to determine whether the activity

of the catalyst remains constant, and to compare the
influence of different catalysts under given conditions.

Before proceeding to develop these considerations it is

desirable to state definitely what are the characteristics of

a catalyst from the physico-chemical point of view. One
of the main facts about a catalyst is that its quantity may
be, and often is, exceedingly small in comparison with the
quantities of the reacting substances which are affected.

It has been stated, for example, that in the Schroder-
Grillo process for the production of sulphuric acid, in

which process the contact mass consists of finely-divided

platinum on magnesium sulphate, 5 grms. of platinum are
sufficient for an output of one ton of oleum per day, with
a loss of only 20 mgrms. platinum. It appears also, to

take an example in another field, from information sup-

plied to the writer by Mr. Maxted, that in the synthesis of

ammonia with an iron-potash catalyst, an output of some-
thing like two tons of ammonia per litre of catalyst space
can be obtained before it is necessary to change the

catalyst.

Further, in normal circumstances the activity of the

catalyst remains unimpaired when the reaction which it

has accelerated is at an end. An interesting illustration

of this characteristic of catalysts is furnished by Bredig's
experiments on the influence of co'loidal platinum in pro-

moting the combination of hydrogen and oxygen at

ordinary temperatures. In one case 25 cubic cm. of

colloidal platinum solution (containing 017 mgrm. of the

metal) were shaken with electrolytic gas, and the decrease
in the volume of the gas, due to the combination of
hydrogen and oxygen, was determined at ten-minute
intervals. Table II. gives the results obtained.

Table II.

Time in minutes Decrease in the gas volume. Decrease per minute.

Cc

10 17-8 1-78

20 35-8 1-80

30 54-8 1-90

40 72-4 1-76

50 go-2 178

The figures in the last column of Table II. afTord no
evidence of any decrease in the activity of the colloidal
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platinum as the leaction proceeds. Further, the same
colloidal plaiinam was shaken intermittently for fourteen

days with the hydrogen + oxygen mixlure, about 10 litres

of which were converted to water in this interval. Not
only is the contrast between the minute quantity of the

catalyst and the extent of the induced change sufficiently

striking, but it was found at the end of the fourteen days
that the rate of decrease of the gas volume, measured
over successive ten-minute intervals with constant shaking,

as at the beginning of the experiment, was 202, 1-87,

195, I 97. and 2 01 cubic cm. per minute. Plainly, the

catalytic efficiency of the platinum is no lower at the end
of the experiment than at the commencement.
Now, in the technical applications of catalysis one of

the most serious problems has been precisely how to keep
the catalyst in a state of unimpaired efficiency. However
active the contact substance may be at the start, it is

useless from the technical standpoint unless it has a

reasonably long life. This difficulty does not arise

with a dissolved catalyst, such as an acid in the

hydrolysis of starch ; but where the catalyst is a solid

substance, when we are dealing with a case of so called
" heterogeneous " catalysis, then the problem is a serious

one. In many instances the technical development of a

promising catalytic reaction has been held up by the diffi-

culty of preserving the cstalyft in its full activity. Tne
catalyst deteriorates owing to the presence of some
foreign substance, or " poison," in the materials which are

reacting under the influence of the catalyst.

A notable example cf this difficulty is furnished by the

hiitory of the development of the sulphuric acid contact
process. So long as absolutely pure gases are employed
it appears that the platinum catalyst maintains its

efficiency. In one case which has been put on record,

where sulphur dioxide, obtained by the evaporation of the
liqu d substance, was mixed with filtered air and passed
over the contact mass a 95 per cent yield of sulphur
trioxide was still given by platinised asbestos which had
been in the plant for about ten years continuously without
renewal. It is a fair inference that the catalytic action of

plalinuiii continues indefinitely if pure gases are employed.
The record, however, of the prolonged efforts of the

Badische Anilin- und Soda-Fabrik to utilise for the pur-

pose o( the sulphuric acid contact process the gases
obtained by roasting blende or pyrites demonstrates the

extreme sensitiveness of the platinum catalyst to im-
purities. It was found that even when the pyrites gases
were cooled by passage through long metal pipes, re-

peatedly scrubbed with sulphuric acid, and finally filtered

through dry coke and asbestos, the contact mass gradually
became lets effective, and finally lost its power altogether.

The discovery was made that certain substances, notably
arsenic, are specially injurious to the catalytic efficiency

of platinum, and further investigation showed that even
the drastic purification just described had failed to remove
the last traces of arsenic from the pyrites gases.

The sulphuric acid " mist" or "fume" in these gases is

extraordinarily persistent, and apparently is the carrier of

the arsenic. The removal from a stream of gas of thnse
impurities which aie in a very finely-divided liquid or solid

condition is recognised as s metimes a more difficult

operation th^n the absorption of gaseous impurities by
chemical means. In the case of the sulphuric acid contact
process it was only after much patient labour that means
were found, including slow cooling, thorough scrubbing,
and wet filtration, for removing all traces of "poisons"
from the pyrites gases. During the last few years a novel
method of dealing with all sorts of mist and fume has been
introduced by Cotlrell, based on the fact that a strong
electrical field promotes the settlement and precipitation

of suspended particles. Numerous plants involving this

principle have been designed and erected, more particularly

in connection with smelting works and blastfurnaces, and
the same process is being applied for the removal of the
mist from the pyrites gases employed in the sulphuric acid

Oianufacture.

The serious difficulties encountered in using pyrites

gases in the sulphuric acid contact process gave some sup-
port to the belief that the poisoning of the catalyst was
inevitable, and it was accordingly suggested that the
platinum should be deposited on a soluble carrier, so that
when the contact substance lost its efficiency the valuable
metal could be recovered quite easily by appropriate treat-

ment. This was the method employed in the Schroder-
Grillo process, a very active catalyst being prtpired by
soaking magnesium sulphate in the solution of a platinum
salt, and then heating in the presence of sulphur dioxide

;

when the contact mass has been formed tha platinum is

about 01 per cent of the whole.
The fact that the amount of a catalyst may be almost

infinitely small compared with the quantities of the sub-
stances which react under its influence makes it extremely
probable that the final state of the reactive system must
be independent of the catalyst. This would mean, for a
reversible reaction in particular, that the state of

equilibrium finally attained will be the same whether the
catalyst is there or not. The true catalyst, that is, will

influence only the rate at which equilibrium is established,

not the position of equilibjium itself, or the energy
change accompanying the reaction. The catalyst may be
compared to the oil which facilitates the sliding of a
weight down an inclined plane, without affecting the total

energy derivable from the fall of the weight.
Illustrative confirmation of this important conclusion is

furnished by Turbaba's work on the equilibrium between
acetaldehyde and paraldehyde. The equilibrium mixture
of these two substances at 50-5' contains 33 9 per cent of

acetaldehyde and 661 per cent of paraldehyde, and the
conversion of paraldehyde <nto this mixture is accompanied
by a marked and easily measurable increase of volume.
The change is accelerated by a variety of substances, but
it was found that with different catalysts in varying
quantity the difference in volume of the paraldehyde and
the equilibrium mixture is practically the same in every
case, as is shown in Table III.

Table Ul. -Paraldehyde r^ Acetaldehyde.

Percent. Percentage increase
Catalyst. Catalyst. of volume.

Sulphur dioxide . 08 8'20
Sulphur dioxide . 002 819
Zinc sulphate .. . • 27 813
Hydrochloric acid • 013 813
Oxalic acid.. . 052 827
Phosphoric acid. . • 054 810

Clearly, the percentage increase of volume is indepen-
dent of the particular catalyst employed, and, in the case
of sulphur dioxide, independent also of the amount of

catalyst. In this case, then, and in fact for all truly

catalytic reversible reactions, the catalyst affects only the

velocitf' of the change, not the composition of the equili-

brium mixture. II this statement were not correct then
the investigation of equilibrium reactions in presence of
catalysts and the evaluation of equilibrium constants, as
in the sulphuric acid contact process and the ammonia
synthesis, would be an unjustifiable proceeding.

If now, in any reversible reaction the position of
equilibrium is unaffected by the catalyst it follows that the
value of the equilibrium constant K is unaltered. This
constant, however, as was shown in the previous lecture,

is the ratio of two velocity coefficients, ki and ki, which
refer to the forward and the back reactions respectively.

It follows therefore that ^i and kz must be affected in an
equal degree by the catalyst ; that is, the catalyst

accelerates the forward and the back reactions in the same
proportion. The mere fact that iron and nickel promote
the decomposition of ammonia at high temperatures sug-
gested that these metals would act as catalysts for the
opposed reaction also, viz., the union of nitrogen and
hydrogen. This was found to be the case. Again, in the
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absence of a catalyst, sulphur trioxide once formed appears
to be remarkably stable at high temperatures, even where
the equilibrium constant for the reaction

—

2SO, 2S0z+02

would require a far-reaching decomposition into sulphur
dioxide and oxygen. The rate of decomposition, no less

than the rate of synthesis, is determined largely by the
presence of an appropiate catalyst.

With these characteristics of catalysts in mind we may
endeavour to apply the conceptions of reaction velocity and
the formulae embodying these conceptions for the purpose
of a rational study of catalysis. The success which has
attended the physical chemist's efforts along these lines

has been much more notable in some directions than in

others, and it has become clear that a distinction must be

drawn between "homogeneous " catalysis on the one hand
and "heterogeneous" catalysis on the other. In the
former case the catalyst is in the same physical state

(gaseous or liquid) as the substances which are reacting;
in the latter the catalyst is solid, and cannot be in a
condition of true homogeneous mixture with the reacting
compounds.

(To be cootiDued).

THE COLOUR OF WATER.'
By WILDER D. BANCROFT, Ph.D.,

P.iof€ssor of Physical Chemistry, Cornell University,

The literature on the colour of water is widely scattered ;

it appears not to have been read by anybody ; and it is

somewhat contradictory. It has, therefore, seemed de-
sirable to collect the material in an accessible form as it

constitutes an interesting chapter in the general subject
of the colours of colloids.

Tyndall (" Fragments of Science : The Sky ; Voyage
to Algeria; Niagara") has discussed the blue colour of

turbid media with special reference to the colour of the
sky and of the sea. In Newton's rings the colour nearest
to the centra! black spot is a faint blue—blue of the first

order—corresponding to the film of air when thinnest.
" If a solid or liquid, of the thickness requisite to produce

this colour, were broken into bits and scattered in the
air, Newton inferred that the tiny fragments would display
the blue colour. Tantamount to this, he considered, was
the action of minute water-particles in the incipient stage
of their condensation from aqueous vapour. Such
particles suspended in our atmosphere ought, he supposed,
to generate the serenest skies. Newton does not appear
to have bestowed much thought upon this subject ; for to

produce the particular blue which he regarded as sky-blue,

thin plates with parallel surfaces would be required. The
notion that cloud-particles are hollow spheres, or vesicles,

is prevalent on the Continent, but it never made any way
among the scientific men of England. De Saussure
thought that he had actually seen the cloud-vesicles, and
Faraday, as I learnt from himself, believed that he had
once confirmed the observation of the illustrious Alpine
traveller. During my long acquaintance with the atmo-
sphere of the Alps 1 have often sought for these aqueous
bladders, but have never been able to find them. Clausius
once published a profound essay on the colours of the sky.

The assumption ot small water drops, he proved, would
lead to optical consequences entirely at variance with facts.

For a time, therefore, he closed with the idea of vesicles,

and endeavoured to deduce from them the blue of the

firmament and the morning and evening red.

"It is not, however, necessary to invoke the blue of the

first order to explain the colour of the sky ; nor is it

necessary to impose upon condensing vapour the difficult,

• From the Jomnul 0/ tht Franklin InUitvU, clxxxvii., No. 3.

if not impossible, task of forming bladders, when it passes
into the liquid condition. Let us examine the subject.
Eau-de Cologne is prepared by dissolving aromatic gums
or resin in alcohol. Dropped into water, the scented liquid

immediately produces a white cloudiness, due to the pre-
cipitation of the substances previously held in solution.
The solid particles are, however, comparatively gross;
but, by diminishing the quantity of the dissolved gum the
precipitate may be made to consist of extremely minute
particles. Btiicke, for example, dissolved gum-mastic, in

certain proportions, in alcohol, and carefully dropping his
solution into a beaker of water, kept briskly stirred, he
was able to reduce the precipitate to an extremely fine

state of division. The particles of mastic can by no
means be imagined as forming bladders. Still, against a
dark ground— black velvet for example—the water that
contains them shows a distinctly blue colour. The bluish
colour of many liquids is produced in a similar manner.
Thin milk is an example. Blue eyes are also said to be
simply turbid media. The rocks over which glaciers pass
are finely ground and pulverised by the ice, or the stony
emery imbedded in it ; and the river which issues from the
snout of every glacitr is laden with suspended matter.
When such glacier water is placed in a tr'l glass jar, and
the heavier particles are permitted to subside, the liquid
column, when viewed against a dark background, has a
decidedly bluish tinge. The exceptional blueness of the
Lake of Geneva, which is fed with glacier water, may be
due, in part, to particles small enough to remain suspended
long after their larger and heavier companions have sunk
to the bottom of the lake.

" We need not, however, resort to water for the pro-
duction of the colour. We can liberate, in air, particles

of a size capable ol producing a blue as deep and pure as
the azure of the firmament. In fact, artificial skies may be
thus generated, which proves their brotherhood with the
natural sky by exhibiting all its phenomena. There are
certain chemical compounds—aggregates of molecules

—

the constituent atoms of which are readily shaken
asunder by the impact of special waves of light. Pro-
bably, if not certainly, the atoms and the waves are so
related to each other, as regards vibrating period, that the
wave motion can accumulate until it becomes disruptive.

.\ great number of substances might be mentioned whose
vapours, when mixed with air and subjected to the action
of a solar or an electric beam, are thus decomposed, the
products of decomposition hanging as liquid or solid

particles in the beam which generates them. And here I

must appeal to the inner vision already spoken of. Re-
membering the different sizes of the waves of light, it is

not difficult to see that our minute particles are larger with
respect to some waves than to others. In the case of water,
for example, a pebble will intercept and reflect a larger

fractional part of a ripple than of a larger wave. We
have now to imagine light-undulations of different dimen-
sions, but all exceedingly minute, passing through air

laden with extremely small particles. It is plain that
such particles, though scattering portions of all the waves,
will exert their most conspicuous action upon the smallest
ones; and that the colour-sensation answering to the
smallest waves— in other words, the colour line— will be
predominant in the scattered light. This harmonises per-

fectly with what we observe in the firmament. The sky
is blue, but the blue is not pure. On looking at the sky
through a spectroscope, we observe all the colours of the
spectrum ; blue is merely the predominant colour. By
means of our artificial skies we can take, as it were, the
firmatnent in our bauds and examine it at our leisure.

Like the natural sky, the artificial one shows all the colours
of the spectrum, but blue in excess. Mixing very small
quantities of vapour with air, and bringing the decom-
posing luminous beam into action, we produce particles

too small to shed any sensible light, but which may, and
doubtless do, exert an action on the ultra-violet waves of

the spectrum. We can watch these particles, or rather

the space they occupy, till they grow to a size able to
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Table I.

No. Locilion. Colour of Ssi.

1. Gibraltar Haibour Green
2. Two miles from Gibraltar Clearer green

3. Off Cabreta Point Bright green

4. Off Cabreta Point Black indigo

5. Off Tarifa Undecided
6. Beyond Tarifa Cobalt blue

7. Twelve miles from Cadiz Yellow green

8. Cadiz Harbocr Yellow green

g. Fourteen miles from Cadiz Yellow green

to. Fourteen miles from Cadiz Bright green

11. Between Capes St. Mary and Vincent .. Deep indigo

12. Off the Burlings Strong green

13. Beyond the Burlings Indigo

14. Off Cape Fmlstetre Undecided
15. Bay of Biscay Black-indigo

16. Bay of Biscay Indigo

17. Off Ushant Dark green
18. Off St. Catherine Yellow-green

19. Spithead Green

Appearance in Luminous Beam.

Thick with tine particles.

Thick with very fine particles.

SiiU thick, but less so.

Mucb less thick, very pure.

Thicker than No. 4.

Much purer than No. 5.

Very thick.

Exceedingly thick.

Thick, but less so.

Much less thick.

Very little matter, very pure.

Thick, with fine matter.

Very little matter, pure.

Less pure.

Very little matter, very pure.

Very fine matter. Iridescent.

A good deal of matter.

Exceedingly thick.

Exceedingly thick.

yield the fiimamenlal £zure. As the particles grow larger

under the continued action of the light, the azure becomes
less deep ; while later on a milkiness, such as we often

observe in nature, takes the place of the purer blue.

Finally the particles become large enough to reflect all

the light-waves, and then the suspended ' actinic cloud
'

difTuses white light.

" In the harbour of Gibraltar, on the morning of our

departure, I resumed a series of observations on the colour

of the sea. On the way out a number of specimens had
been collected, with a vitv/ of subsequent examinations.

But the bottles were claret bottles, of doubtful purity.

At Gibraltar, therefore, I purchased fifteen white glass

bottles, with ground-glass stoppers, and at Cadiz, thanks

to the friendly guidance of Mr. Cameron, I secured a

dozen more. These seven and twenty bottles were filled

with water, taken at different places between Oran and
Spithead. And here let me express my warmest acknow-
ledgments to Captain Henderson, the commander of

H.M.S. Ufgenl, who aided me in my observations in

every possible way. Indeed, my thanks are due to all the

officers for their unfailing courtesy and help. The captain

pUced at my disposal his own coxswain, an intelligent

fellow named Thorgood, who skilfully attached a cord to

each bottle, weighted it with lead, cast it into the sea,

and, after three successive rinsings, filled it under my own
eyes. The contact of j'Jgs, buckets, or other vessels was
thus avoided ; and even the necessity of pouring out the

water, afterward, through the dirty London air.

" The mode of examination applied to these bottles has

been already described. The liquid is illuminated by a

powerfully cond :nsed beam, its condition being revealed

through the light scattered by its suspended particles. Care
is taken to defend the eye from the access of all other light,

and, thus defended, it becomes an organ of inconceivable

delicacy. Were water of uniform density perfectly free

from suspended matter, it would, in my opinion, scatter

no light at all. The track of a luminous beam could not

be seen in such water. But an amount of impurity so

infinitesimal as to be scarcely expressible in numbers, and
the individual particles of which are so small as wholly to

elude the microscope, may, when examined by the method
alluded to, pioduce not only sensible, but striking, effects

upon the eye.

"The results of the examination of nineteen bottles

filled at various places between Gibraltar and Spithead

te here tabulated.
" Here we have three specimens of water, described as

green, a clearer green and bright green, taken in Gibraltar

Harbour, and ofl Cabreta Point. The home examination
ghowed the first to be thick with suspended matter, the

.econd less thick, and the third still less thick. Thus the

green brightened as the suspended matter diminished in

amount.
" Previous to the fourth observation our excellent navi-

gating lieutenant, Mr. Brown, steered along the coast,

thus avoiding the adverse current which sets in, through
the Straits, from the Atlantic to the Mediterranean. He
was at length forced to cross the boundary of the Atlantic

current, which was defined with extraordinary sharpness.

On the one side of it the water was a vivid green, on the

other a deep blue. Standing at the bow ot the ship, a

bottle could be filled with blue water, while at the same
moment a bottle cast from the stern could be filled with

green water. Two bottles were secured, one on each side

of this remarkable boundary. In the distance the Atlantic

had the hue called ultra-marine ; but looked fairly down
upon it was of almost inky blackness—black qualified by
a trace of indigo.

" What change does the home examination here reveal ?

In passing the indigo, the water became suddenly aug-

mented in purity, the suspended matter becoming suddenly
less. Off Tarifa, the deep indigo disappears, and the sea

is undecided in colour. Accompanying this change, we
have a rise in the quantity ot suspended matter. Beyond
Tarifa, we changed to cobalt-blue, the suspended matter

falling at the same time in quantity. This water is dis-

tinctly purer than the green. We approach Cadiz, and at

twenty miles from the city get into yellow green water

;

this the London examination shows to be thick with sus-

pended matter. The same is true at Cadiz Harbour, and
also of a point fourteen miles from Cadiz in the homeward
direction. Here there is a sudden change from yellow-

green to a bright emerald green, and accom^'anying the

change a sudden fall in the quantity of suspended matter.

Between Cape St. Mary and Cape St. Vincent the water
changes to the deepest indigo, a further diminution of the

suspended matter being the concomitant phenomenon.
"We now reach the remarkable group of rocks called

the Burlings, and find the water between the shore and
the rocks a strong green ; the home examination shows it

to be thick with fine matter. Fifteen or twenty miles

beyond the Burlings we come again into indigo water,

from which the suspended matter has in great part dis-

appeared. Off Cape Finisterre, about the place where
the Ci/i/iii'i went down, the water becomes green, and
the home examination pronounces it to be thicker. Then
we enter the Bay of Biscay, where the indigo resumes its

j

power, and where the home examination shows the greatly

I

augmented purity of the water. A second specimen of

water, taken from the Bay of Biscay, held in suspension
fine particles of a peculiar kind ; the size of them was
such as to tender the water richly iridescent. It showed
itself green, blue, or salmon-coloured, according tQ tbs
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direction ot the line of vision. Finally, we come to our

last two bottles, the one taken opposite St. Catherine's

lighthouse, in the Isle of Wight, the other at Spithead.

The sea at both these places was green, and both speci-

mens, as might be expected, were pronounced by the

home examination to be thick with suspended matter.
" Two distinct series of observations are here referred

to—the one consisting of direct observations of the colour

of the sea, conducted during the voyage from Gibraltar to

Portsmouth, the other carried out in the laboratory of the

Royal Institution. And here it is to be noted that in the

home examination I never knew what water was placed in

my bands. The labels, with the names of the localities

written upon them, had been tied up, all information re-

garding the source of the water being thus held back. The
bottles were simply numbered, and not till all of them had

been examined and described, were the labels opened, and

the locality and sea-colour corresponding to the various

specimens ascertained. The home observations, there-

fore, must have teen perfectly unbiased, and they clearly

establish the association of the green colour with fine

suspended matter, and of the ultra-marine colour, and

more especially of the black-indigo hue of the Atlantic,

with the comparative absence of such matter.

•'So much for mere observation ; but what is the cause

of the dark hue of the deep ocean ? A preliminary remark

or two will clear our way toward an explanation. Colour

resides in white light, appearing when any constituent of

the white light is withdrawn. The hue of a purple liquid,

for example, is immediately accounted for by its action

on a spectrum. It cuts out the yellow and green, and

allows the red and blue to pass through. The blending of

these two colours produce the purple. But while such a

liquid attacks with special energy the yellow and green, it

enfeebles the whole spectrum. By increasing the thick-

ness of the stratum we may absorb the whole of the light.

The colour of a blue liquid is similarly accounted for. It

first extinguishes the red ; then, as the thickness aug

ments, it attacks the orange, yellow, and green in suc-

cession ; the blue alone finally remaining. But even it

might be extinguished by a sufficient depth of the liquid.

"And now we ate prepared for a brief, but tolerably

complete, statement of that action of sea-water upon light

to which its owes its darkness. The spectrum embraces

three classes of rays—the thermal, the visual, and the

chemical. These divisions overlap each other ; the thermal

rays are in part visual, the visual rays in part chemical, and

vice versa. The vast body of thermal rays lies beyond the

red, being invisible. These rays are attacked with exceed-

ing energy by water. They are absorbed close to the

surface of the sea, and are the great agents in evapora-

tion. At the same time the whole specirum suffers

enfeeblement ; water attacks all its rays, but with different

degrees of energy. Of the visual rays, the red are first

extinguished. As the solar beam plunges deeper into the

sea, orange follows red, yellow follows orange, green

follows yellow, and the various shades of blue, where the

water is deep enough, follow green. Absolute extinction

of the solar beam would be the consequence if the water

were deep and uniform. If it contained no suspended

matter, such water would be as black as ink. A reflected

glimmer of ordinary light would teach us from its surface,

as it would from the surface of actual ink ; but no light,

hence no colour, would reach us from the body of the

water. In very clear and deep sea-water this condition is

approximately fulfilled, and hence the extraordinary dark-

ness of such water. The indigo, already referred to, is,

I believe, to be ascribed in part to the suspended matter,

which is never absent, even in the purest natural water

;

and in part to the slight reflection of the light from the

limiting surfaces of strata of different densities. A modi-

fication of light is thus thrown back to the eye, before the

depth necessary to absolute extinction has been attained.

An effect precisely similar occurs under the moraines of

glaciers. The ice here is exceptionally compact, and,

owing to the absence of the internal scattering common in

bubbled ice, the light plunges into the mass, where it is

extinguished, the perfectly cleai ice presenting an appear-
ance of pitchy blackness. (I leain from a correspondent
that certain Welsh tarns, which are reputed bottomless,
have this inky hue).

" The green colour of the sea has now to be accounted
for ; and here, again, let us fall back upon the sure basis
of experiment. A strong white dinner-plate had a lead
weight securely fastened to it. Fifty or sixty yards of strong
hempen line were attached to the plate. My assistant,
Thorgood, occupied a boat, fastened as usual to the davits
of the Urgent, while I occupied a second boat neater the
stern of the ship. He cast the plate as a mariner heaves
the lead, and by the time it reached me it bad sunk a con-
siderable depth in the water. In all cases the hue of this

plate was green. Even when the sea was of the darkest
indigo, the green was vivid and pronounced. I could
notice the gradual deepening of the colour as the plate
sank, but at its greatest depth, even in indigo water, the
colour was still green. (In no case, of course, is the green
pure, but a mixture of green and blue).

" Other observations confirmed this one. The Urgent
is a screw steamer, and right over the blades of the screw
was an orifice called the screw-well, hrough which one
could look from the poop down upon the screw. The
surface-glimmer, which so pesters the eye, was here in a
great measure removed. Midway down, a plank crossed
the screw-well from side to side ; on this I placed myself
and observed the action of the screw underneath. The
eye was rendered sensitive by the moderation of the light

;

and, to remove still further all disturbing causes,
Lieutenant Walton had a sail and tarpaulin thrown over
the mouth of the well. Underneath this I perched myself
on the plank and watched the screw. In an indigo sea
the play of colour was indescribably beautiful, and the
contrast between the water, which had the screw blades,
and that which had the bottom of the ocean, as a back-
ground, was extraordinary. The one was of the most
brilliant green, and the other of the deepest ultra-marine.
The surface of the water above the screw-blade was
always ruffled. Liquid lenses were thus formed, by which
the light was withdrawn from some places and concen-
trated upon others, the water flashing with metallic lustre.

The screw-blades in this case played the part of the
dinner-plale in the former case, and there were other
instances of a similar kind. The white bellies of por-
poises showed the green hue, varying in intensity as the
creatures swung to and fro between the surface and the
deeper water. Foam, at a certain depth below the sur-

face, was also green. In a rough sea the light which
penetrated the summit of a wave sometimes reached the
eye, a beautiful green cap beingthus placed upon the wave,
even in indigo water.

" But how is this colour to be connected with the sus-
pended particles ? Take the dinner-plate which showed
so brilliant a green when thrown into indigo water.
Suppose it to diminish in size, until it reaches an almost
microscopic magnitude. It would still behave substan-
tially as the larger plate, sending to the eye its modicum
of green light. If the plate, instead of being a large
coherent mass, were ground to powder sufficiently fine,

and in this condition diffused through the clear sea-water,
it would also send green to the eye. In fact, the suspended
particles which the home examination reveals act in all

essential particulars like the plate, or like the screw-
blades, or like the foam, or like the bellies of the porpoises.
Thus I think the greenness of the sea is physically con-
nected with the matter which it holds in suspension. . , ,

" At some distance below the Whirlpool Rapids we have
the celebraled whirlpool itself. Here the river makes a
sudden bend to the north-east, forming nearly a right
angle with its previous direction. The water strikes the
concave bank with great force, and scoops it incessantly
away. A vast basin has been thus formed, in which the
sweep of the river prolongs itself in gyratory currents.
Bodies and trees which have come over the falls ate stated



200 Canadian Mission in London. . Chemical Nbvvs
April 25, igig

to circulate here for diys without finding the outlet. From
various points of tht cliffs above this is curiously hidden.
The rush of the river into the whirlpool is obvious
enough ; and though you can imagine the outlet must be
visible if one existed, you cannot find it. Turning,
however, round the bend of the precipice to the noitb-

east, the outlet comes to view.

To be continued).

CANADIAN MISSION IN LONDON.

It may be of interest to our readers to have some infor-

mation as to the constitution and activities of the

Canadian Mission, which has recently been established in

London at i. Regent Street, S.W. 1, by the Dominion
Government.
The Mission was constituted by an Order of the

Canadian Privy Council in November, igi8, and Mr.
Lloyd Haitis was appointed Chairman of the Mission.

Mr. Harris is a Canadian business man who has a wide
knowledge of the New Industrial Canada, which is one of

the products of the Great War. He rendered invaluable

service to the Dominion and to the Allied cause as head
of the Canadian War Mission in Washington, and it was
at the personal request of Sir Robert Borden, the Canadian
Premier, that he consented to undertake his present

duties.

The objects of the Mission are briely :
—

{a). The serious tonnage position arising out of tht

war coupled with the numerous restrictions put in force,

both in the United Kingdom and in Canada, on import

and export trade, tended to sever numerous old connec-

tions which had existed for generations betw:en the

Mother Country and the Dominion. It is one of the

duties of the Mission to study the question at firsthand

and to devise the means of reestablishing the traditional

trade.

{b) A great work of reconstruction and re-organisation

must be undertaken in Europe during the next few years

in order to repair the devastating effects of the war. Raw
materinls, &c., will be necessary for this work, and many
articles required can be obtained from Canada. The
Mission hopes, by means of negotiations with the Govern-
ments of the countries concerned, to make arrangements

for the supply of such goods to the advantage of all inte-

rests involved. It is further considering how by a system

of credits to assist the Governments in purchasing the

materials.

(c). The Mission is convinced that the resettlement of

Europe is largely dependent on sufficient supplies of food

being available and distribution being properly organised.

The food can only be obtained in two ways:—(l) By im-

ports from countries having margins for export
; (2) By

increased production in Europe itself.

Canada has large supplies which she is willing to place

at the disposal of Europe, and, moreover, by reason of

the fact that she has always specialised in the manufacture

of agricultural machinery and implements, she is in 3

position to come to the assistance of the nations of Europe
in their endeavours to produce supplies within their own
borders.

In addition to foodstuffs of every description, Canada
has available for export the following goods:— Paper and
Paper Manufactures ; Lumber; Wood Manufactures, in-

cluding wood Pulp ; Automobiles and other vehicles

;

Gasoline Launches; Drugs and medicinal chemicals;

Leather and Leather Manufactures; Hides; Aluminium;
Calcium Carbide ; Asbestos ; Iron and Steel Manufac-
tures; Copper; Gold Quartz; Silver; Flaxseed; Nickel;

Coal ; Clothing ; Furs ; Agricultural Implements.

Canada seeks above all things to develop a larger inter-

chinge of tra.l.: with the Mother Country and, indeed,

with all pacts if th^sEnpire. Canada has large markets

to offer British manufacturer!, for she is a large buyer.
Canada, too, feels that she c«n supply to this country
many of the materialt'and manufactures which formerly
were bought by Britain from the Central Powers.
The offices of the Mission are at i. Regent Street, S.W. i,

and its personnel includes, besides Mr. Lloyd Harris,
several other prominent Canadian business men who ate
well acquainted with the present industrial and economic
position in Canada. They will at all times be willing to
advise persons in the United Kingdom desirous of obtaining
information with regard to Canadian Trade.

ORDERS OF THE MINISTRY OF MUNITIONS.

Copper Sulphaie.
With reference to the Copper Sulphate Order, 1918, dated
February 15, igiS, the Minister of Munitions hereby
orders as follows :

—
1. The operation of the said Older is hereby suspended

on and after April 15, 1919, until further notice.
2. Such suspension shall not afiect the previous opera-

tion cf the said Order or the validity of any action taken
thereunder, or the liability to any penalty or punishment in

respect of any contravention or failure to comply with the
said Order prior to such suspension or any proceeding or
remedy in respect of such penalty or punishment.

3. This Order may be cited as the Copper Sulphate
(Suspension) Order, 1919.

Bl.^st-turnace Dusi.
In reference to the Blast furnace Dust Order, 1917,

dated August 7, 1917, the Minister of Munitions hereby
orders as follows:—

1. The operation of the said Order is hereby suspended
on and after April 30, 1919, until further notice.

2. Such suspension shall not affect the previous opera-
tion of the said Order, or the validity of any action taken
thereunder, or the liability to any penalty or punishaient
in respect of any contravention or failure to comply with
the said Order prior to such suspension, or any proceeding
or remedy in respect of such penalty or punishment.

3. This Order may be cited as the Blast-furnace Dust
(Suspension), Order, 1919.

Gas Works Retort Caebon.
In reference to the Gas Works Retort Carbon, &c.,

Control Order, tgi8, dated April ig, 1918, the Minister of
Munitions hereby orders as follows :

—
r. The operation of the said Order is hereby suspended

on and after the date hereof until further notice.

2. Such suspension shall not affect the previous opera-
tion of the said Order or the validity of any action taken
thereunder, or the liability to any penalty or punishment
in respect of any contravention or failure to comply with
the said Order prior to such suspension or any proceeding
or remedy in respect of such penalty or punishment.

5. This Order may be cited as the Gas Works Retort
Carbon, &c., Control (Suspension) Order, igig.

Nitrate of Soda.

The Minister of Munitions announces that the control
of Nitrate of Soda will be suspended as on and from
May 15, 1919. Transactions will be governed by the
present licensing system until May 15, igig. General
licences will, however, be issued on application from now
till May 15, igig, authorising the holders of such licences to
deal in Nitrate of Soda, but such licences will not authorise
the holders to enter into any transaction which involves
the actual movement of Nitrate except within the British
Isles before May 15, 1919.

All applications lor licences should be addressed to the
Ministry of Munitions (Departmsnt of Explosives Supply),
Storey's Gate, S.W. i.
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NOTICES OF BOOKS

The Applications of Electrolysis in Chemical Industry.

By Arthur J. Hale, Be S., F.I.C. London, New
York, Bombay, Calcutta, and Madras: Longmans,
Green, and Co. 1918. Pp. ix+i4$. Ptice7s.6d.net.

This monograph gives a complete outline of the elettolytic

methods used in chemical industry, which are ecntinually

increasing in number and importance. A short account
is provided of the general principles of electrolysis, with

definitions of the terms and unita employed, and there is

also a chapter on methods of generating the current, in-

cluding primary and secondary cells and generators. Thus
the student who knew practically nothing of electrical

work could get a sufficient knowledge from the book to

enable him to understand the subsequent chapters which
deal with the applications ot electrolysis iiistly to the

refining of metals. Full practical details of costs, &c., arc

supplied, and although some of these are unavoidably

somewhat out of date they give some comparative indica-

tion of expenses and yields. The winning of metals is

similarly discussed in detail, and a chapter is devoted to

the electrolytic production of hydrogen and oxygen. The
electrolysis of alkali chlorides is very fully treated, and
some stress is laid upon the important developments of

this industry which may be expected in the near future.

In some cases processes which have been superseded are

described if there are important lessons to be learnt from

them, and the preparation of many miscellaneous inorganic

and organic compounds is included.

Cast Iron in the Light of Recent Research. By William
Herbert Hatfield, D.Mct. Second Edition, Revised

and Enlarged. London ; Charles Griffin and Co., Ltd.

1918. Pp. xvii + 2g2. Price 12s. 6d. net.

An excellent account of the equilibrium diagram of the iron

carbide system is to be found in the early chapters of this

well-known book, together with an admirable discussion

of the influence of various factors upon the properties of

cast iron. The author's accounts and criticisms of all the

most important work which has been done in this region

are exceedingly valuable, and no metallurgist can do with-

out the book. A useful feature is the excellent appendix,

which gives a full alphabetical list of names and terms

used in metallurgical literature with both their French and

German equivalents, and short explanations and defini-

tions. The many illustrations and photomicrographs also

add greatly to the value of the book. In the second

edition much new matter has been added, including

descriptions of the latest research work upon malleable

cast iron. The report on the present position of the mal-

leable castings industry in this country, which was pre-

pared by the author at the request of the Committee of

the Iron and Steel Institute for Foundry Practice, and

approved by the Committee for presentation to the

Ministry of Munitions, is reproduced in full. It is a most
comprehensive and authoritative review of the industry,

and is a valuable addition to the book.

I Fenomeni Eletlro Atomici sotto VAzione del Magnetismo.

("Electro-atomic Phenomena under the Action of Mag-
netism.") By AuGUSTE RiGHi. Bologna; Nicola Zani-

chelli. Pp. xvi-f 435. Price 17.50 lire.

The chief results of Prof. Righi's experimental work on

the effect of a magnetic field upon the electric discharge ate

fully described in this treatise. An introductory chapter,

which might perhaps be regarded as somewhat unnecessary,

is provided for the general reader, and deals with elemen

tary facts regarding the ether and electric phenomena, the

electric discharge in rarefied gases, the ionisation of

gases, &c. Then the effects of a magnetic field upon the

potential necessary to start the discharge are discussed,
and a full account is given of the author's theory put for-

ward to account (or the observed facts. The study of
luminous phenomena, and of the production of ionomag-
netic rotations are treated in the following chapters.
Many new and interesting facts are described, and an able
exposition is given of the author's own theories, though
the views of other workers are somewhat inadequately
treated. The last chapter is devoted to the phenomena
due to the action of a magnetic field upon currents in

gases, in electrolytes, and in metals. The book is intended
more particularly for readers who have made no special
study of physics, and hence the use of mathematics is

voided as far as possible, although for those who wish to
follow some of the necessary calculations they are dis
cussed in a series of appendices.

Satalogue of Lewis's Medical and Scientific Circulating
Library (including a Classified Index of Subjects, with
the names of those authors who have treated upon
them). New Edition revised to the end of 19x7.
London : H. K. Lewis and Co., Ltd., 136, Gower
street, and 24, Gower Place, W.C. .. Price i2f. 6d.
net ; to Subscribers f>s,.

This extensive catalogue of books in Lewis's Circulating
Library to the end of 19x7 cannot fail to be useful. The
Classified Index of Subjects is particularly valuable, as it

enables one to see at a glance what works are available.
It is very complete, occupying over a hundred pages.

NOTES.

Royal Institution.—Next Tuesday, April 29, at

3 o'clock, Pref. A. Keith will give the first of a Course of
lour Lectures on "British Ethnology—The People of
Wales and Ireland." On Thursday, May i. Dr. H. S.
Hele Shaw will give the first of two Lectures on
" Clutches." The Friday Evening Discourse, on May 2,
at 5.30 p.m., will be delivered by Prof. J. W. Nicholson
on "Energy Distribution in Spectra"; on May 9, Sir
George Macartney on " Chinese Turkestan—Past and
Present." On Saturday, May 3, at 3 o'clock. Prof. H. S.
Foxwell will give the first of two Lectures on "Chapters
in the Psychology of Industry."

We have received a copy of the " Directory of Paper
Makers" for 1919, giving an alphabetical list of all the
paper makers in England, Scotland, and Ireland, together
with the names of paper makers' representatives, paper
agents, &c. Much useful information on various subjects,
such as watermarks, trade customs, sizes of papers, and
paper trade publications, are given. The price of the
catalogue is 2s. 6d. net post free in U.K., 2s. 9d. abroad.

In the Journal of the Board of Agriculture (oi Febiatty,
1919, it i? pointed out that on account of the extreme
wetness of the winter months it will be necessary to apply
nitrate or sulphate of ammonia to the crops to make up
for the nitrates that have been washed out of the soil.

In experiments with the wheat crop at Rothamsted last

year it was found that the yield of grain in bushels per
acre on undressed soil was 339; that produced where a
dressing was given of superphosphates and sulphate of
ammonia gave 413.

The difficulty in obtaining tin-plate during the war has
developed an important industry for the production of
waterproofed cardboard. Containers for foodstuffs and
other purposes that have hitherto been made from tin-

plate are now made of cardboard rendered waterproof by
impregnation with paraffin wax and other like materials,
but the process most used is a varnish made from bakelite,
an ammonia condensation product of carbolic acid with
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formalin, invented by Dr. L. H. Bakeland. The card

vessels are coated with this material and stoved. and are

tbas found to be excellent substitutes for tin as well as

being both lighter and cheaper. This manufacture will

probably largely replace the familiar tin can.

Mr. William Rvdderham, for many years general

manager, and since 1915 a director of Coleman and Co.,

Ltd., Norwich, has been appointed managing director in

place of the late Mr. W. C. Snelling.

At the Extraordinary General Meeting of the Chemical
Society on May 8 the following resolutions \vill be pro-

posed :— (i) That women should be admitted to the

Society on the same terms as men. (2) That in the

election of Officers and Council a postal vote of Fellows
resident in the United Kingdom should be taken. (3)

That every alteration of the bylaws should require for

its adoption a two-thirds majority of those voting. (4)

That no alteration ol the bylaws should become efifective

until one month after its adoption has elapsed, within

which period it should be competent lor not less than

thirty Fellows to demand a poll of all Fellows resident in

the United Kmgdom. (5) That the number of ordinary

members of Council should be raised to at least eighteen.

(6) That the class of "Associates" should be abolished.

(7) That the term " Honorary and Foreign Members"
should be replaced by " Honorary Fellows." (8) That
the limit placed by the Charter on the yearly value of the

Society's premises should be raised. In the event of any

or all of the foregoing resolutions being adopted, the

following further resolution will be moved ; - (9) That the

Council be and hereby is empowered to take steps to

secure a Supplementary Charter giving the necessary

power to alter the by-laws in the sense of the foregoing

resolutions.

Mr. W. S. B.xrclay, of the Federation of British

Industries, sailed on Saturday last for South America to

act as a Special Commissioner to conduct back to this

country the Brazilian Delegates who have been appointed

by the Brazilian Government to undertake a tour to this

country as the guests of the Federation. Mr. Barclay

was attached to the recent Mission to Brazil under Sir

Maurice Bunsen, and has therefore had exceptional oppor-

tunities of appreciating the problems of Anglo-Brazilian

Trade. At the end of the present tour of these Brazilian

Delegates the Federation intends to send a permanent
Commissioner to Brazil as part of its Overseas Com-
missioner Service. It will be remembered that the

Federation, last autumn, entertained a number of Greek

Delegates under the leadership of the Greek Minister of

Agriculture and conducted them over many of the largest

manufactories in this country. As an outcome of this

tour the Federation has arranged a British Industrial

Exhibition at Athens in the near future which should

prove most beneficial to British Manufacturers. The
Federation intends to continue this policy of bringing

delegates from abroad to this country and thus fostering

in every way friendly relations between British manu-
facturers and potential customers from all over the world.

The Swiss Trades Exhibition will be held at Basle from

April 24 until May 8. This Exhibition was first held at

Basle in April, 1917, when the exhibitors numbered 831.

In igiS they increased to 990, and at the third exhibition

this month there will be 1300 firms showing their pro-

ducts. In 1917 business to the amount of 20 to 25 million

francs was done ; last year that amount was doubled.

Between two and three hundred thousand visitors attended

the first and second exhibitions, and the number ol buyers

last year was 18,000. It is claimed that the Swiss Trade

Exhibition in Basle is not a copy of any foreign exhibi-

tion ; it enjoys in its present organisation and develop-

ment a special Swiss character. It aims not only at an

increase of the Swiss home trade, but also at an extending

of the Swiss exports. The goods offered are purely Swiss,

and a strict control is stateof to exclude all foreign products

from participation in the Swiss Trade Exhibition. The
general public ire admitted two days in the week, accord-
ing to the principle :

" The Exhibition is a means of com-
munication to connect buyers and exhibitors." The goods
offered are divided into the following nineteen groups :

—
Articles of food and luxuries; Drugs and Chemicals;
House and Kitchen utensils. Household goods. Glass and
China ; F'ittings for apartments. Furniture and Basket
goods ; Heating, Light, and Sanitary fittings ; Technical
articles in metal, wood, glass, cork, leather, india-rubber,
iS;c. ; Office and Shop fittings. Office articles. Drawing and
Painting utensils ; Paper manufactures and Graphic arts ;

Musical instruments and Music ; Articles of sport and
toys ; Artistic industrial articles ; Clocks, Watches, and
Jewellery ; Textile Goods, Clothing and Outfitting (boots,
leather and celluloid articles, fancy goods, drapery);
Machinery and Tools ; Fine mechanical instruments,
Instruments and '\pparatus ; Electrical industry ; Raw
materials and Building materials ; Agriculture and Horti-
culture ; Sundries. For the Exhibition of 1919 twice as
much ground as last year is required. All buyers, after

sending in a written notification for the visit, receive a
buyers card with their name, which is available for two
days, but can be renewed if necessary. The buyers' cards
are only issued for those genuinely interested. The list

of the buyers was closed on April 5, 1919. Prospective
visitors who hold credentials from a British Authority, or
their Chamber of Commerce, can receive all necessary
information by addressing M. Henri Marten, First Secre-
tary of Legation and Commercial Adviser, the Swiss
Legation, 32, Queen Anne Street, Cavendish Square,
London, W. i.

Iron and Steel Institute.—^hhho; Meeting, 1919.—
The Annual Meeting of the Institute will be held, by kind
permission, in the House of the Institution of Civil Engi-
neers, Great George Street, Westminster, on Thursday
and Friday, May 8 and 9, 1919, commencing on Thursday
at 10.30 a.m., and on Friday at 10 a.m. The following
is the programme of the proceedings :

—
Thunday, May 8 (at 10.30 a.m.).

General Meeting of Members.
The Council will present their Report for the year tgiS.
The Hon. Treasurer will present the Statement of

Accounts for 1918.

Scrutineers will be appointed for the examination of
voting papers for the election of new Members and
Associates of the Institute.

Award of the Bessemer Medal for 1919 to Prof. Cav.
Federico Giolitti, Ph.D. of Turin.

Papers Nos. 6, 8, 3, 16, 17, will be read and discussed.
The Meeting will be adjourned.

Joint Session (bvinvitation of the Institution of Electrical

Engineers) to discuss pipers on Electric Steel
Furnaces. The following is a list of the papers
likely to be submitted :

—
" Developments in Iron and Steel Electric Furnaces,"

by J. Bibby ; "The Booth Hall Electric Furnace,"
by W. K. Booth ;

" The Development of the
Electric Melting Furnace," by D. F. Campbell

;

"The Control of Electric Arc Furnaces," by H.
Coates ; New Type of Electric Furnace," by Axel
Sahlin ; " Large Electric Furnaces," by Victor
Stobie.

Members who desire to take part in the discussion can
obtain copies in advance on application to the Iron
and Steel Institute.

Friday, May 9 {at 10 a.m.).

General Meeting of Members.
The award of grants from the Andrew Carnegie Re-

search Fund in aid of research work will be
announced.

Papers Nos. 11, 10, i, 2, will be read and discussed.

Afternoon Session to read and dis:uss papers 15, 7,
and 12.
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Those papers (or which time cannot be found will be

taken as read and discussed by coicespondence.

The following is a list of Papers that are expected to be

submitted :
—

1. J. H. Andrew :
' Manufacture and Working of High-

Speed Steel."

2. J. O. Arnold and F. Ibbotson : " Molecular Consti-

tutions of High-Speed Tool Steels and their Cor-

relation with Lathe Efficiences."

3. C. H. F. Bagley : "Modern Steel Metallurgy."

4. G. Cesaro ; "Note on the Liquidus in the Iton-

Carbon Diagram."

5. G. Watson Grjy :
" Estimation of Phosphorus in the

presence of Tungsten."
6. L. Greiner: " Kepoit on the Condition of I3elgian

Iron and Sieel VVork after the German occupation."

7. D. Hanson and J, E. Hurst ;
" Improvements in the

Case-Haidenmg Process."

8. L C. Hatvey :
" Use of Powdered Coal."

9. K. Honda: "On the Non Allotropic Nature of the

A2 Transformation in lion."

10. J. C. W. Humfrey :
" Macro Etching and Printing."

11. H. M. Howe; " A Review of Work 01 United States

Nilional Kaseatch Council."

12. A. McCance : " Carburisjtion ol lion at Low
Temperatures."

13. A. M. Portevin and M. Garvin: "An Experimental

Investigation of the Influence of the Kate of Cooling

on the Hardening of Carbon SteeLs."

14. K. Tawara and G. Asahara :
" On Graphitisation in

Iron-Catbon Alloys "

15. G. Taylor ;
" Some Points in the Manufacture ol

Files."

16. J. H. Whiteley and A. F. Hallimond : "The Acid

Hearth and Slag."

17. B. Yaneske ; " Deoxidalion, and the Influence of

Lime on Equilibrium in the Acid Open Hearth

Furnace."

NOTES FROM FOREIGN SOURCES

Margarines and their Richness in Butter.— M. W.
Arnold.—When margarines were made only of fats and oils

po.-sessing a fairly low Reichert-Meissl indtx it was com-
paratively easy to deduce the proportion of butter they

contained from the inde.<. Now, however, when coco

butter and palm nut oil ate so largely used for making
margari e it has become a much more difficult task. In

order to obtain definite information as to the presence of

butter in margarine it is necessary to determine— (a) the

index of saponification, (i) the Keichert-MeissI index, {c)

the Polenske index (of the original fats and the fats

treated with alcohol), and (d) the molecular weight of the

water-soluble fatty acids. Margarines can then be classed

as follows ;— (i.). Those containing neither butter nor

palm oil. If both the Keichett-Meissl index and the

Polenske index of the original fats do not exceed 035
neither butter nor palm oil can be present, (ii.) Those
containing butter. The absence of palm oil is shown by

a low Polenske index, while the presence of butter may be

deduced from the high Keichert-MeissI index. The
molecular weight oi the water-soluble fatty acids lies

between 97 and 107 (benzoic acid, which increases the

Reichert-Meissl index has a molecular weight of 122).

(iii.). Those containing coco-butter. The presence of

palm oil is indicated bya Polenske indexaboveo'6andmole-

culai weights of the soluble fatty acids between 130 and

144. To decide whether coco butter or palm oil is present

it is important to take into account the relation e.xisting

between the Keichett-Meissl and Polenske indices. If a

little of both is present the physical state of the Polenske

acids must be taken into account, (iv ). Those probably

containing palm oil. In this case the Polenske index ia

above 06, the molecular weight of the water-soluble acids
is between 130 and 136, and the Polenske acids are, if the
percentage ol palm oil is pretty high, generally solid or

semi fluid, and not clear, (v.). Those containing butter
and coco butter. The Polenske index is higher than 055,
and olten higher than 06. The Keichert-MeissI index is

relatively higher than in the case of the absence of butter,

and the molecular weight of the acids lies between 1 10 and
130. (vi.). Those containing butter and palm oil. These
are characterised by the fact that the Polenske acids are
solid, and by the (act that the Polenske index of the fats

treated with alcohol is only i'Q. — Zeitschrifl fur Unter-
suchimg tier Nithruitj>i imd Geiiiisimittcl, xxvii., 379.

New Reagent for Bases and Acids. — Mate
Chauvieire.—A decoction of red beetioot is an excellent
reagent for bases and acids. It may be prepared by simply
boiling pieces of beetroot in water and filtering, when a
reddish violet very opalescent liquid is obtained. A drop
of potash turns it dark yellow, while mineral ,acids and
even the weakest organic acids turn it back to its original
colour. The reagent is very sensitive, a solution of
I gtm. of boric acid in a litre of water reddening it very
decidedly, after it had been decolorised by lime. The
reagent cannot be used in the form of paper, as it is not
readily fixed on paper. It does not a-pear to be a true
solution but a colloidal hydrosol.-Bi.//. Hoc. Cliim. de
France, igig, xxv.-xxvi., 118.

Diffusion of Light by Molecules of Air. —J.
Cabannes.—In 1914 the author undertook an experi-
mental study of the diffusion of light by molecules of gas,
and showed that it was possible to observe light diffused
by some cc. of air, freed from dust, in normal conditions
of temperature and pressure. These researches, which
were confirmed by Strutt, were interrupted by the war.
Wood has recently thrown doubt upon these results, and
suggests that the observed diffusion might be due to mist
produced in the air by ultra-violet radiations. The author
now points out the precautions that must be taken in order
to do away with disturbing phenomena. It is clear that
certain ultra-violet radiations may introduce complications
in the study of light diflused by gases, and in order to verify
Lord Rayleigh's theory experimentally it is best to exclude
radiations of wavelength below o-nx.. By a photographic
method, however, it is possible to study the diffusion of
radiations of high frequency by molecules of air. It is

necessary to illuminate only a small part of the gaseous
mass contained in a closed vessel, and that only (or very
short periods (ten to thirty seconds) separated by fairly

long intervals (ten to thirty minutes). — C'om/i<«s Ketidus,
igig, clxviii., 340.

Influence of Light upon the Absorption of the
Organic Matter of the Soil by Plants.— Dolores
Celian de Besteito and M. Michel Durand.—In igii
Cailletet pointed out that certain plants live normally in
light which appears to be too faint to enable them to
assimilate carbon dioxide sufficiently (rom the air, and he
suggested that these plants, being unable to obtain all the
carbon they require (rom the air, might derive a consider-
able amount from the soil in the form of organic matter.
The authors have taken up the question, experimenting
for the purpose with a plant which is a heliophite, viz.,
Pisiim sativum. They grew the plants in a culture con-
sisting of Knop's liquid, containing 4 parts per thousand of
glucose, and exposed them to varying intensities of illumi-
nation. From determinations of the increase of dry
weight of the plants, the glucose absorbed by each plant,
the glucose absorbed per grm. of dry weight of the root, and
that absorbed per grm. ol dry weight of the entire plant the
following conclusions could be drawn :—(i.). The plants
increased more in weight the mote intense the illumination
to which they were exposed, (ii.). The roots also were
better developed in stronger illuminations, (iii.). The
plants which grew in a more intense light absorbed mote
glucose, (iv.). The same weight of root absorbed decidedly
more glucose in faint than in strong lights, (v.) The same
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weight of whole plant absorbed practically the same
amount of glucose in illuminations of different intensities.

This last conclusion shows that the plant is incapable of

augmenting the absoroing power of its roots so that they

can extract more organic carbon from the soil. Thus there

is neither parallelism nor compensation between the

abbOtption of carbon by the green leaves in the carbon

dioxide of the air and the absorption of organic carbon

(ronj the soil by the roots.

—

Coniptes Retuius, 1919, clxviii.,

467.

Discovery of a New Qlucoside " Loroglossine."

—

Km. Bourquelot and .M. Bridel.—The authors have applied

the biochemical method of investigation to various indige-

nous kinds of orchids, t.g., lorogloisum, orchis, ot>hrys, tkQ.

In one of these (L. hircinum) tney have discovered a new
glucoside, to which they have g'ven the name " Loroglos-

sine." The aqueous extract of ih*; plant was exposed succes-

sively to the action of invertine (reagent for cane sugar)

and emulsine (reagent for glucosides). They lound that the

plant, like all phanerogams, contains cane sugar. It also

contains a glucoside hjdrolysable by emulsine and a laiily

large proportion of a dexirogyratory principle, which is

not attacked by ferments, lor after the action ot tbc inver-

tine the liquid is still dextrorotatory, while the glucoside

not yet hydrolysed is Isevorotatory. Loroglossine

crystallises in long colourless needles ; it is odourless and

very bitter ; very soluble in water and alcohol, very

slightly soluble in acetic ether and acetone. It i« lavo

rotatory, does not reduce cupric liquid, and is hydrolysed

by warm dilute sulphuric acid, as well as by emulsine.

—

Comptei Rendus, igig, clxv.ii., 701.

Researches on Ch»mical Lumln«scence.—J. Lif

chiiz.—Tbc study of the emission of ligtit in chemical

reactions, like that of the absorption and chemical effects

of light, may lead to important results concerning

the connection between radiant and chemical energy

and the nature of chemical forces. The phenomenon

of chemical luminescence has been observed in many
reactions, and not by any means in oxidation processes

only. For exaaiple, a beautiful luminescence appears

when hydrobenzaiuide is distilled m a current of hydrogen,

lophin being ihc product, while various decompositions of

unknown nature occur simultaneously. Thus the reaction

is essentially an intramolecular transposition. Other

reactions show that the appearance of chemical lumi

nescence is not dependent either upon the total amount of

energy transformed or upon the velocity of the reaction.

For instance, nitrogen dioxide acts at least as energeti-

cally upon phenyl magnesium bromide as air, but it is

only with the latter that chemical luminescence is observed,

and then only in absence of moisture. It has been

shown that when ethereal Gngnard's solutions react

with oxygen chemical luminescence appears in the case

of aromatic organo-metallic compounds, but not with

aliphatic compounds, this difference being due to the

different stability of their atherates. The same pheno-

menon is observed with the addition products of

organo-magnesium compounds with dimethyl aniline.

The total liberation of beat in tbt formation of etherates

aeems to be less with the aromatic Qrignard compounds

than with the aliphatic compounds.

—

Hilvttica Chimica

Ada, igit, i., 47'-

MEETINGS FOR THE WEEK.

Tuesday, sitb.—Royal !a»tituti»», 3. " Irititb Bik»«l«gy — Tb':

F(*rl« *l WalM and Ireliud," ky Pr«r. A. Kaltb.

TmORsdav, May nt—Roral iDitituilsa, |. " ClatcIlM," ky •r, M. S.

Flila-Shiw.
Kayil loiiititioD, 5. (Annual Mtaliag).

loslilutisQ of Slcctrtaal Siitioeeri, C. " Mag-
netic St«rma," by Dr. C. Chree.

Friday, snd.—Royal Iimiiuiion, 5.30 " Knargy Uiairibution in

Spectra," by Prof. ]. W. Nicholnon.

Saturday, 3rd.—Royal Inatitution, 3. " Chapteri in the Ptychology

of Induatry," by Prof. W. 5 Foxwell.

Assayer, aged about 25, with knowledge of
Gold and Silver Assaying, required at once. Permanent posi

lion
;
good prospects : Birmingham. State age, experience, and

salary required.—Address, "A. 25," Chemical News Office, 16,

Newcastle Street, Farringdon Street, LondoD, E.G. 4.

Assistant Chemist desires Position in a
^^ Laboratory. Has haa t\vo years' experience in Acid Analyses,
and also two years' Inorganic Chemistry and Qualitative .Analyses in

College. Would commence at moderate salary.—.Address, Mr. ].

Parkes, 13, Clarence Koad, Ponders End, Middlesex.

P HEM 1ST.—Wanted for
work, qualified Analytical Chemist.-

lars, to Manager, The Imperial Tobatco Co.,

Road, E C. 1.

Factory Testing
Apply, giving full particu-
Ltd., DingleyKoad, City

Discharged Soldier desires Situation in

Chemical Laboratory. Specially qualified in Metallurgical
Aoilysisof Rare Metals.—Address, D. S., Chemical News Otfice,

16, Newcastle Street, Farrtngdon Street, Loudon, H.C. 4.

Enterprising Assistant Chemist (21) desires a
Position in a Laboratory or Works. Formerly As&istant

Chemist, Directorate of Chemical Inspection, and capable of under-
taking any Inorganic Analyses. Would commence at moderate salary.

—Address, Mr. W. G. Richards, 7, Sivell Place, Heavitree. Exeter.

Junior Chemist (20), Inter. B.Sc. (Lond.), pre-
vious experience, seeks Situation in London Labo.atory or

Works.— Address, L. L , Chbmical News Office, i6, Newcastle
Street, Farringdon Street, London, E.C.4.

T aboratory Attendant, having a fair knowledge
"*-^ of General Chemistry and good experience, wanted. State
\vages required and full particulars.—Address, " Investigator," Chemi-
cal News Office, 16, Newcastle Street, Farringdon Street, London,
E.C,4.

rwo Analytical Chemists are required for a
large Testing Laboratory. Commencing salary ^200 per

annum. It is desired that .^pt>lican b should have had at least two
years' eMperieuce in the Laboratories of Steel or other Metallurg cal

W»rki. Preference givei to those who have fought in the War.
— Address, " Analytical," Chemical News Office, 16, Newcastle
Street, Farringdon Street, London, E.C 4.

SHEFFIELD ASSAY OFFICE.

A pplications are invited for the Post of
i »• DEPUTY ASSAY MASTi-R, which will shortly becomo
vatant. Candidates should have had experience in Assaying Gold
and Silver Bullion, and should apply hy letter only, stating their a(;e,

qualifications, and salary required The salary will be tlxed according
to the qualif^catione and experienca of the Candidate appointed.

B. W. WATSON, Asssy MaMer
Assay Omce, Sheffield.

«vs I G A
Telephone
No. 1248
Avenue.

F. WIGGINS & SONS, 102/3 4 Minories, London, E.

MICA MERCHANTS,
Hanufactiireri of dloa Qoodt or Electrical and ALL purpotei.

Contractors Ic His Mjjisli's Governmtnt.

BOOKS BOUGHT
Chemical and other Scientific, Natural
History, Agricultural, Gardening, &c.

JOHN WHELDON & CO.,
38, Great Queen Street, London, W.C. 2.

Ttlephone— Gerrard 1412.

Apparatus and Reagents
For Ohemioal and Baoterlologloal Rea«aroli.

3PECIAUT1ES:-
MABTINDALE'8 BUBETTK STAND .. .. »/-, 16/-

MARTINDALE'B BACTKBIOLOGICAL CASE 42/-

Analyttcal Frtet L tsI post /rtt. Telephona—1787 Paddinglon

W. MARTINDALE, 10, New CavendUh St., W.
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THE ANALYSIS OF SAUSAGES, MEAT PASTES,
AND ARMY RATIONS.

By A. W. STOKES, F.I C.

Sausages.—While the " Food Conttol Regulations " lay

down qualities and prices for sausages, requiting that the
meat should be, for one price, 50 per cent and, for another
price, 67 per cent by weight, it is necessary to be able to

determine these limitations. Having analysed over 60
samples a description of the method I have used may be
of interest.

The main constituents of sausages are meat, brea ', and
water. A little salt and spice are usually added. Whilst
the meat may be derived from any part of the animal it is,

of course, in most cases impossible to determine either

the animal or the part used.
The water is the chief difficulty. In the following

analyses of all meat products I have assumed that meat
naturally contains 70 per cent and bread 40 per cent of
water, The meat is dissolved by boiling in alcoholic soda
solution, with formation of a soap from the fat. The in-

soluble matter is then placed in an aqueous caustic soda
solution to diiaoive the starch, which 13 then precipitated
by strong alcohol.

The actual method used is as follows :—The total

solids, water, and ash are estimated in the usual way on

5 grms. of the material. Boric acid may be looked for in

the ash. Ten grms. are boiled for one hour in alcoholic
(methylated) solution of eaustic soda (the alcohol be ng
of at least go per cent, and the caustic soda ot 3 pet cent
strength) under a reflux condenser. This treatment should
dissolve the meat, form a soap with the fat, and leave the
starch unaltered. This is filtered while hot through a

small plug of slag-wool, and washed with strong hot
alcohol. The filtiate is cooled and made up to ajo cc.

with water, and 25 cc. evaporated to about 15 cc. (to re

move the alcohol). The fatty acid is determined in this,

using the Schmid method as in milk analysis. The filter-

plug and residue are returned to the original flask ; about
too cc. of cold aqueous 3 per cent soda solution are added
and left for one hour, with occasional shaking This will

dissolve the starch. The volume is made up to 500 cc. with
cold water and filtered through a small slag-wool plug.
Fifty cc. are collected, and about 100 cc. of strong alcohol
(go per cent) are added to precipitate the starch ; after

stirring and allowing to stand for half-an-hour the starch
is filtered through counterpoised filter papers, washed with
alcohol, dried, and weighed. The filtrations are some-
times difficult, but may easily be managed without a

filter-pump if a Alter Sask be used to which is attached a

short piece of rubber tube ; mouth suction is applied to

the end, the tube doubled over, and a clip applied to the
part doubled.

Calculalion.—The fatty acids may be assumed to equal

95 per cent ot actual fat. From the total solids are sub-
tracted the starch and fat to get, by diflerence, the dt^
meat. To this " dry meat " is added 2j$ times its weight
of water; tbis will give the fat-free Sseh (called " flesh

"

in the followiog tablet), To Ibe starch is added aiS
tinaes Its weight of water t« ferra bread.

Frequently it will lie found that the water actually
present is above the quantities allowed by tbis ealculation.
This is due to the fact that in the manufactuie of sausages
the crusts and the bread used are soaked in water to soften
them, and this water is only partially squeezed out before
being chopped up with the meat. Very rarely the bread
or tne meat may contain less than the amounts I have

allowed for water. The ash consists mainly of salt,
though in 12 out of 60 samples analysed boric acid
was also present, but in small amounts. The total ash
varied from i-z to 3 per cent, with an average of 2
per cent.

The results obtained from the five following samples
may be of interest ; they are selected (Table I.) as showing
mainly the extremes of each ingredient.

TAP.I.E \.—SJusage!.
Average of fo

Per cent. No. i. No. 2. No 3. No. .y No. 5. samples.

Fa' o-g 20'2 95 69 209 ii-z
Bread .. .. g'S 167 53 322 294 20-3
Flesh .. .. Sg-i 722 71-0 5fi 260 60-2
Water present 66-8 48-1 66 o 58-4 53 6 58-6
Water allowed 66-3 57-2 51-8 48-6 299 50-3
Water excess.

.

0-5 — 142 q'S 237 83

The smallest amount of water found to be present was
48 per cent (No. 2) ; this sample it will be observed sums
up to log-i per cent. This and three c ler samples were
the only specimens showing that the meat and the bread
contain less than the calculated allowances of water.
No. 5, which contained the largest excess of water (23 7
per cent), was seen by microscopical examination to con-
sist largely of tripe.

In only a few cases were the?e samples examined
microscopically ; usually the indications were not par-
ticularly useful. Some few were analysed before and
after cooking) generally the amounts of water and of fat
diminished after cooking. But, as no standard for water
could be assumed for these, the results are of little interest,
and are not recorded here.

Me»l Pastis. Meat pastes, variously dfscribed as ham
and chicken, tongue and chicken, veal and ham, ham
and tongue, ham, tongue, and chicken, turkey and tongue,
and wild duck, prepared by various makers, were analysetl
in the same way. The results of 14 of these show for the
extreme percentages of each of the ingredients (Nos. i to

5), and the averages for all are given in Table II.

T.\BLE II.

Average of 14
No. r. No. 2. No. 3. No. 4. No. 5. aamples.

36 166 15-4 I3'4 III i3'2
no 30 67 13 8 13 6 87
6to 85 3 63-2 451 41 I 63 6

Per cent.

Fat .. ..

Bread ..

Flesh .... ..-.-.,.-
Water present 716 55g 61 6 65 o 69 o 62 6
Water allowed 470 60-9 469 373 34-2 48-1
Water excess. . 246 — 147 277 34-8 i4'5

The only sample out of these 14 that summed up to over
100 was No. 2, which, on the allowances for water in the
flesh and bread, totalled to 104-9 per cent. This was in

every respect far above all the other samples, containing
the least amount of bread and no exeea: of water. On
reference to the maker I was informed that my results

were within 2 per cent of the materials used.
Of the samples the highest ash was 5-38 per cent, but

this was mainly due to common salt ; the lowest was 1-48,

the average 2-9 per cent. No boric acid was present in

any of these.

To see how the process would wnrk in various hands
Messrs. G. A. Stokes and E. W. Wright kindly analysed
a few samples of sausages for me. Their results were
very similar to mine, as shown by the example
Table III.

Table III.

Per cent. S- A. S- aud %. \V. W. A. W. S

Fat 145 14-2

Bread 280 27-8
Flesh 39-5 410
Water excess .. .. 180 17-0

Army Rations. — A number of army rations were
examined to see if they complied with tbe contract



2o6 Physical Chemistry and its bearing on Chemical Industries. \^"M^yti%7''

specifying thera to contain not more than 12 pet cent fat,

Of 170 per cent water, or mote than 2 grains of tin pet

pound. They were not to have a greater acidity than the

equivalent 0(73 cc. of N/io soda in 100 parts. They con-

tiated of mixtures ot meat, potato, haricot beans, peas,

carrots, and onions cooked in sealed tins.

It was found easiest to pick out all the meat separately

and to shred this finely. The vegetables could readily

be tuashed and mixed in the tin, the meat then added, and

the whole well incorporated in the same tin so as to absorb

any moisture therein. The analyses of these were per-

fnrmed as in the case of the sausages, omitting, however,

aov estimation of starch.

For the acidity, 5 grms. were shaken with 100 cc. of

cold water for one hour ; an aliquot part v/ .is then titrated,

«f;er fllttHion, with N 10 soda. The results of 5 -samples

»re appended (Table IV.).

Table IV.

H^r c««t No I. No. 3 No 3 .No. 4. No. 5- Average.

Fat .. .. 117 49 8-2 8'2 8-1 8-2

Watei .. 67-5 730 674 6S0 68-4 68-8

Acidity .. 160 320 4S0 32-0 30-0 316
Ash .. .. 1-2 f3 '4 13 I f' i-t

Oily in one case (No. 2) was the amount of water

slightly beyond the limit. In no case was any tin L,r

boric acid detected.

A review of the results of the analyses of the sausages

and meat pastes shows that an e.xcess of water, not natural

to the meat and bread, may in the sausages reach about

24 per cent, and in the meat pastes 35 per cent. This high

excess is usually due to the use of much bread
;

this

ioaked in water enables a large amount to be incorporated.

In the United States the use of any starchy matter in

sausagis is forbidden. It is to be regretted that such is

not the case in England. A sample like sausage No. 5,

which contains about equal parts ol fat (21 per cent), meat

(36 ptr cent), bread (29 per cent), and excess water (24 per

cent), would not be possible were it illegal to use bread.

I am greatly indebted to Mr. G. W. Bender for his

assistance in this woik.

Discussion.

The Preshien r, in opening the discussion, said that the

Minis ry of Food had consulted the Society in reference to

the carrying out of their Sausage Orders under the fol-

lowing circumstances ;—On January 21, 191S, the D.-part-

ment found it necessary to introduce the meatless (lays,

and in that Order, known as the Public Meals Order, the

expression " meat " was deemed to include sausages. In

February the Meat t^icensing Order was issued which

forbade any person after March 15 from dealing in dead

meat without a licence, and in this Order sausages were

included as dead meat. This was revoked in Ireland on

June 17, but later in the year the Ministry again issued an

Order in which they then fixed the price of sausages

according to their meat content, ignoring the fact that

sausages were supposed by the previous regulations to be

all meat. Pork sausages bad also not been included in

Ibeir Pig and Pig Products (Prohibition of Export) Order,

as only bacon, ham, and lard were included in it. The
Government Laboratory had tried to solve the mystery of

what is now meant by a sausage of diffeient grades, and

the Society was glad to welcome their contribution to the

discussion.

Dr. V0BL6KEB suggested that it would be better if the

Minintty of Food and other Government Departments,

before making their Orders and putting out regulations as

to how mixed foods should be compounded, would consult

analysts generally and the Government Laboratory in

particular as to whether it was possible to ascertain by

analysis whether the compnsition could be ascertained,

and not wait, as was here done in the instance of sausages,

tx., to htar the diflcultiea etpiMsed at a lubtequenl

meeting of tVs Society.

It seemed to him that the authors of the papers they had
heard read relied mainly upon the amount of nitrogen
shown '-.n the analysis, and reckoned this as representing
the meat present. He v/ould like to ask what would
happen if he sprinkled a little sulphate ol ammonia over a
sausage or mi.xed some leather powder with it—would this

be reckoned as " meat " ?

He had heard no mention of microscopical analysis in

this connection, and thought that it should be employed.
The inclusion of soya bean meal, for instance, could be
so detected.

Mr. Cribb inquired if the Food Controller had drawn
up any definition of "meat," as the value of the methods
proposed in the two papers under discussion must largely

depend on what was meant by that word.
In pre war days he had had occasion to examine some

sausages which consisted almost entirely of fat and bread,
with a little connective tissue and only a trace of muscle
fibre. Would such a mixture comply with the " Order " ?

An ingenious manufacturer might put a large propor-
tion of gristle and connective tissue into his sausage meat.
This, owing to the low nitrogen factor for gelatin as com-
pared with that for proteins, would seriously afiect the
figure for " flesh " obtained by the method recommended
by Messrs. Stubbs and More. The presence of anything
like a substantial proportion of liver, owing to the glycogen
present, would give trouble in other directions.

In view of these difficulties he would like to see a
number of analyses, by the methods now put forward, of
saus.iges of known composition, as by this means only
would it be possible to decide whether the problem set by
the Ministry ot Food could be salislactorily solved. In
any case he thought that the analytical figures obtained
would have to be interpreted with great caution, and it

would be quite unsafe to take action in cases anywhere
near the border-line.

With regard to sausage skins, to which the President
had referred, some years ago he was consulted about a
large consignment of sausages which on being sent lo
America were refused admission to that country, on the
ground that they contained boric acid. The manufacturers
had put in none, and he was quite unable to find any in

the sausages as a whole ; but it transpired that the
authorities in America had actually examined the skins
Separately, and had found an exiremely minute trace of
boric acid, which on examining a number of the skins he
afterwards ascertained to be between one and two parts
per million.

The skins before use were kept in a saturated salt solu-
tion, and this was the only apparent source from which the
boric acid could have been derived. Skins kept in this

way would presumably be stenle.

—
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PHYSICAL CHEMISTRY AND ITS BEARING
ON THE CHEMICAL AND ALLIED INDUSTRIES.*

By Prof. JAMES C. PHILIP, O.B.E., M.A., Ph.D., D.Sc.

(Continued from p. 197).

The systematic study of homogeneous catalysis has led

to very definite and interesting results, some ot which may
be illustrated by a couple of examples. The first of these

refers to the influence of the concentration of the catalyst,

and is based on a study of the rate at which diazoamino-
beneene is converted into aminoazobenzene. This change
takes place in aniline solution when an aniline salt, acting

as catalyst, is present. The course of the reaction can be
followed quantitatively, and the rate of change is expres-

sible by a velocity coefficient, the value of which varies in

* Cintor Lecture ill.i. Delivered before tbs Koyal Society of Arls,
ieeeaibe<t,

IvuT,, N-b. 3<'

DegeaibM t, igit. From the fiormfinss ^(AfJIU'til iimnyaJTAi-n
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direct proportion to tbe concentration of the catalyst,

other conditions being unaltered. This is apparent from
the figures given in Table IV.

:^

** Aminoazobenzene.

Velocity coefficient at 25^-

o-oo6o
00123
o'oiSo

Table IV. —Diazoaminobenzene

ConcentraitioD of aniline hydrochlorijc.

01
0'2

0-3

Again, in cases of honiDgeneous catalysis it is pjssible

to compare the efficiency of different catalysts under given

conditions. The change of cane-sugar, for example, into

invert sugar takes place with appreciable rapidity in pre

Bence of an acid as catalytic agent, and can easily be fol-

lowed with a polarimeter. Tbe course of the reaction is in

harmony with the formula for a unimolecular reaction
;

i.e., tbe velocity coefficient k

will be seen in Table V.

— . log, This

Table V.-^Inversioit 0/ Cane siigay by N/2 HCI ai 25'.

t minutes. .\nsle of rotation. -i log, .1

+ 25'i6'^

56 1695° 000501
116 1038^ o'oosoi

176 5-46° 0-00504

?j6 1-85- 0-00504

37' -328° 0-00508
00 - 8-38' —

Now it is found that the tale of inversion of cane-sugar
at a given temperature in presence of acid of a definite

normality varies notably with tbe nature of the acid.

Thus the catalytic effi:iency of hydrochloric acid in pro-

moting the inversion of sugar is greater than that of

sulphuric acid and acetic acid at the same temperature
antj the same concentration, and, indeed, for N/2 con
centration, tbe velocity coefficients obtained in the three

cases stand in the ratio 100 ; 54 : 0-4. So far, then, as

homogeneous catalysis is concerned, the evaluation of

velocity coefficients provides a rational method oi com-
paring the activity of different catalysts under the same
conditions.

The majority of the technically important catalytic

reactions belong, however, to the "heterogeneous" class,

and in these cases the application of the leaciion velocity

formula already discussed and illustrated cannot be carried

through to anything like the same extent. Indeed, the

careful study of cases of heterogeneous catalysis on
quantitative lines reveals the fact that other factors are

operative besides mass action. This is brought out very

clearly, for example, by Bone and Wheeler's research on
the combination of hydrogen and oxygen at hot surfaces.

In this woik provision was made for the circulation ni

hydrogen and oxygen through a tube packed with frag-

ments of unglazed porcelain and maintained at a constant

temperature, the gradual combination of the gases which
took place under these conditions being followed quanti-

tatively by determinations of tbe pressure from time to

time. Plainly, as the reaction aH^-f 02 = 2H20 proceeds,

the pressure falls regularly, and providei^ a record of the

progress of the change. From such a record the velocity

of combination of the gases may be calculated.

On tbe ground that two distinct substances disappear

during this reaction it might fairly be expected that the

course ot tbe change would conform to the bimolecular or

the trimolecular type. The surprising result, however,

has emerged that the rate of reaction is represented by the

unimolecular formula. In support of this the figures in

Table VI., obtained with normal electrolytic gas at 450°,

may be quoted :

—

ki is the velocity coefficient calculated

by the unimolecular formula, ^2 is that based on the

bimolEBulat formula.

T \DLE VI.

hours. Pressure in mm. *1.

465-6 —
12 32+-0 0I3I

^4 22i5 6 00129
3«> 163-9 00126
48 116 I 0125

72 60 7 0-0123

96 286 0126
120 14-6 0-0125

Table VII

H] ™™- Poa "" . *u,- *c^-

292-5 94 9 — -k
260-5 78 9 00253 0401
230-5 63-g 00259 0429
206 -2 5t» 00253 00438
185-9 41-7 024)1 0-0447
151-8 246 OOJ37 OC488
123 6 104 0240 o-o6oo

Ajy oe.

78 2

92 8

109 8

•34 7

"99 o
341-8

552 7

Expeiiments were made also in which the initial mix-

ture contained hydrogen and oxygen in other than tne

volume ratio 2 : i, and in which the partial pressures tf

tbe separate gases were ascertained at each stage, as

well as tbe total pressure. A unimolecular constant w c

then calculated for the rate of disappearance of each ga«
separately, viz., ^h.> and As^i and it was found that tae

former alone was constant. This important result may
be illustrated by the figures obtained with a mistute o:

3 volumes of hydrogen with i volume of oxygen, circulated

over porcelain at 430*. The quantities Pa^ and Pag are ihe

partial pressures ot hydrogen and oxygen at tb* succe«'

sive stages (Table VII.).

t hours,

o
2

4
6

8

12

16

From these and other figures it appears thai the rate of
change is proportional to tbe partial pressure of the
hydrogen, and this must mean, as B ine has pointed out,

that the formation of steam is an indirect process, d<:pen-
dent on a primary chanse, at the surface uf the cataiy^t,

in which hydrogen is concerned. The evidence favours
the view that the catalytic action of porcelain depends on
the occlusion of the reacting gas:s on its surface, and the
results quoted above indicate that the rate ot change is

determined mainly by the rate of occlusion ot the hydrogen.
Hence in studying the catalysis of hydrogen and oxyg- n
at hot surfaces it is not really the velocity of a chemical
reaction that is being measured, but the rate of a purely
physical process. The operation of the law of mass
action is masked, and it may be that tbe chemical com-
bination of the hydrogen and the oxygen at the surface of
the catalyst is exceedingly rapid, perhaps instantaneous.
The investigations to which reference has ju'>t been

made laid the loundations for the introduction of what is

known as "surface combustion," in which tbe catalytic

efiect of hot surfaces in promoting combustion receives

practical application. A homogeneous explosive mixture
of inflammable gas and air is made to burn without flame
in contact with a granular solid, the latter acting as an
accelerator ot the combustion, and becoming itself in-

candescent. In various ways, a description of which
v/ould lie outside the scope of these lectures, this surface

combustion may be employed lor such purposes as Ihe

concentration and evaporation of liquicls, for heating
muffle furnaces, and for steam raising.

In another field, lying far apart from that of combustion,
heterogeneous catalysis is found to present various
features which are foreign to the law of in^ss ^ct- *'*•

Sjme of the most important catalytic ica'-iiin^, ii>.;iud;ii|<

many of technical significance, arc th 'sc which nk.- I'lacc

under the influence of enzymes. These arc catilyvis,

formed by living organisms and of very cumpli-x 11 tufe,

which piomote in a remarkable degree many changes 111

orginic matter. To this class of catalysts bclo ig, for

example, invectase, diastase, and the enzymes ol yeasli
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In certain cases the hydrolysis of carbohydrates under
the influence cl enzymes is marked by the peculiarity that
during the Irst stages the amount of change is a linear

function of the time ; i.;., a constant weight of the carbo-
hydrate is hydrolysed in a given interval of time. Such
behaviour is not in harmony with the logarithmic mass

action formula, i = — log ^-— , which as already
I « - X

shown, does rc)irescnl accurately the course of hydrolysis
of cane-sugar under the catalytic influence of acids.

A case in point is the action of diastase on starch, the
earlier portion o( the time curve being linear, the later

portion biing logarithmic in character. This is proved by

calculating the velocity coefficient k = ' log —?
,

* o - .1

(i) for each observation from the start of the reaction, (2)

for each observation after the linear portion of the time
curve has been passed, a new starting-point being chosen.
A comparison of two sets of values of k obtained in this

manner is given in labie Vlli., which refers to the

hydrolysis of a 3 per cent starch tolut'on by malt extract

at 51—52°.
Table VIII.

Time in miD. from
Time (luin.V k. ne\\ slarting-poim. /(.

10 000498 — —
20 O0055J — —
30 00590 — —
40 00640 —
5" 00650 to 00844
60 u 00690 20 0-00831

70 U0706 3" 0-00S21
80 u 00728 40 0-00837
gu I) 00730 50 0-00818
luo 0-00732 So 0-00807
no 00749 70 00S24
IZU 00764 80 00840
130 00779 go 00855

(To be couiiuued).

THE COLOUR UK WATER.'
Hy WILDER D. B.^NCROFT, Ph.D.,

I'rofcsfor of Physical Chemistry, Cornell Uni\-ersiiy.

ICoiitinued from p. 20c}.

" The Niagara season was over ; the chatter of sight seers

had ceased, and the scene presented itself as one of holy
seclusion and beauty. I went down to the river's edge,

where the weird loneliness seemed to increase. The bafin

is enclosed by high and almost precipitous banks— covered,

at the lime, with russet woods. A kind of mystery attaches

itself to gyrating water, due perhaps to the fact that we
are to some extent ignorant of the direction of its force.

It is laid that, at certain points o( the whirlpool, pine trcrs

are sucked down, to be ejected mysteriously elsewhere.

The water is of the brightest emerald green. The gorge
through which it escapes is narrow, and the motion of the

rivet swift though silent. The surface is steeply inclined,

but it is perfectly unbroken. There are no lateral waves,
DO ripples with their breaking bubbles to laise a murmur,
while the depth is here too great to allow the inequality of

the bed to ruffle the surface. Nothing can be more
beautiful than this eloping liquid mirror formed by the

Niagara in sliding from the whirlpool.

"The green colour is, I think, correctly accounted foe

in the last riagnient. While crossing the .Atlantic, in

1S72-1873, I had frequent opportunities of testing the

explanation there given. Looked properly down upon,
there ate portions of the ocean to which we should hardly

ascribe a trace of blue ; at the most, a mere hint of indigo

leachcs the eye. The water, indeed, is practically black

V'tom \hi yournal 0/ tht Fr.inkHn Imtitutf, K.\vii,,'.No 3.

and this is an indication both of its depth and of its

freedom from mechanically sutpended matter. In small
thickneisei water it sensibly transparent to all kinds of
light ; but, as the thickness increases the rays ol low
rcfrangibility are first absorbed, and after them the other
tays. Where, therefore, the water is very deep and very
pure, all the colours are absorbed, and such water ought
to appiar black, as no light is sent from its interior to the
eye. The approximation of the Atlantic Ocean to this

condition is an indication of its extreme purity.

"Throw a white pebble into such water; as it sinks it

becomes greener, and before it disappears, it reaches a
vivid blue green. Break such a pebble into fragments,
each of these will behave like the unbroken mass

;
grind

the pebble to powder, every particle will yield its modicum
ol green : and if the particles be so ^ne as to remain
suspended in the water, the scattered light will be a uniform
green. Hence the greenness of shoal water. You go to
bed with the black Atlantic around you. You riae in the
mrrning, find it a vivid green, and correctly inler that you
are crossing the bank of Newfoundland. Such water is

found charged with fine matter in a state of mechanical
suspension. The light from the bottom may sometimes
cross, into play, but it is net necessary. A storm can
render the water muddy, by rendering the particles too
numerous and gross. Such a case occurred toward the close
of my visit to Niagara. There had been rain and storm in

the upper lake-regions, and the quantity of suspended
matter brought down quite extinguished the fascinating
green of the Horseshoe.

" Nothing can be more superb than the green of the
Atlantic waves, when the circumstances are favourable to
the exhibition of the colour. As long as a wave remains
unbroken no colour appears ; but when the foam just
doubles over the crest, like an Alpine snow-coinice, under
the cornice we often sec a display of the most exquisite
green. It is metallic i 1 its brilliancy. But the foam is

necessary to its production. The foam is first illuminated,
and it scatters the light in all directions ; the light which
passes through the higher portion of the wave alone reaches
the eye, and gives to that portion its matchless colour.
The folding of the wave, producing as it does a series of
longitudinal protuberances and furrows which act like

cylindrical lenses, introduces variation in the intensity of

the light and materially enhances its beauty."
The question ol the colour of the Mediterranean and of

other waters has been studied with a good deal of care by
Aitken, v/hose wotk seems not to have received the atten-
tion which it deserves. Only a lengthy abstract of bis
paper is available and I quote from that. (Aitken, Proc.
Roy. Soc. EdiH,, 1SS2, xi., p. 472.)

" The experiments were made with a special view of

determining whether the selective reflection or the selective
absorption theory gave the correct explanation of the blue-
ness seen in water. According to the selective reflection

theory the colour is due to the light reflected by extremely
small particles of matter suspended in the water, these
particles being so small they can reflect only the short
waves of light, or those which belong to the blue end of the
spectrum. The other theory explains the colour by eup-
poting that water has a selective absorption for the rays of
the red end of the spectrum— that water is in fact a blue
transparent medium. Three different methods were
adopted of testing the correctness of these rival theories,
and all three proved the water of the Mediterranean to be
blue by selective absorption, and show that light in pass
ing through the water has the rays of the red end of the
spectrum absorbed, and only those of the blue end trans-

milted. The first method tried was to find out what is the
colour of the illumination of submerged objects. This was
done by taking a long metal tube, closed at the end with a
glass plate, sinking it vertically in the water, and looking
through it at white and different coloured objects fixed
rear the end of the tube. When this was done it was

I found that a white object appeared ol a most beautiful deep
I ?nd delicate blue at a depth of 6 ni. If ihe selective rtfiec-
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tion theory was true, aubmcrgbd objects would be illumi-

nated with a colour complementary to that reflected by
the fine particles, and would therefore appear orange or

yellow, the exact colour depending on the amount of green
in the reflected blue. If the blue colour of the sky, as

generally supposed, is due to the reflection of the blue rays

Ey small particles of matter suspended in the air, it

obviously follows that light in passing through our atmo-
sphere must become of a colour complementary to the blue

of the sky ; and it is asked, may this not be one of the

reasons why the sun near the horizon, and all artificial

lights when seen at a great distance, appear more or less

yellow ?

" The second method of experimenting was by looking
at a white surface through a considerable length of water
contained in a blackened tube. The light transmitted was
found to be blue, thus showing the water to have a selec

ti\ a absorption for the rays of the red end of the

spectrum.
"The third method was by sinking white and difTerent

colcured surfaces under water, and noting (he change
which took place in the colours. The colouts selccieii

were red, yellow, and purple. It was found that ihese

colours when seen through the water changed in the same
way as when seen through a blue transparent medium,
such as a piece of glass. Tne white changed to blue.

The ted darkened very rapidly as it descended, a very
small depth of water being suflicient to destroy all the

colour. At a depth of about 2 m. a veiy brilliant ted was
so darkened as to appear a dark brick red. Yellow changed
to green by the water absorbing the red component of the

yellow. An orange, as it sunk in the water, appeared to

become more and more unripe, while a lemon became
quite green. The purple surface quickly changed to a

dark blue or violet by the selective absorption of the water.

These changes, being all due to the cutting out of the red

component of the colours, showed the water to have a

selective absorption for the rays of the red end of the

spectrum. If the water had been coloured blue by selec-

tive reflection, then those test colours would all have
appeared deficient in blue when sunk in the water, as the

fine particles would reflect and scatter the blue rays.

Experiments ate described which show that when these

colours are sunk in water coloured blue by reflection from
small particles, white changes to yellow, while yellow
simply deepens in colour, and purple grows redder.

"All these different methods of experimenting show this

water to be a blue transparent mediuni, and that it acts in

the same way as a solution of blue salt or as a blue

tinted glass. It is then shown that this selective absorp-

tion theory is not enough to account for the different

colour phenomena seen in water. A piece of blue glass or

a blue solution have but little colour when viewed from the

side on which the light is falling, and it seems certain that

light will penetrate pure water till It is all absorbed, and
the water will look dark and colourless. Something mote,
and that of great importance, is obviously necessary to

explain the different colour phenomena seen in different

waters, and in the same water at different times.
" If the water of the Mediterranean, when brilliantly

coloured, is examined by means of a concentrated beam of

light, it is found to be full of fine solid particles in sufpen-

sion. It is shown that it is to this dust of the sea—so to

speak— that the Mediterranean owes its fine and varied

colouring. The particles of this aquatic dust are large,

and reflect not only the blue rays, like the supposed
particles of the selective reflection theory, but they reflect

rays of all colours, and the water, by its selective absorp-

tion, strikes down the red rays, and only the blue rays are

reflected to the surface and to the eye. These solid

particles determine the brilliancy, and the selective absorp-

tion of the water determines its colour. The coljur and
the amount of the suspended particles is then considered.

It ia shown that the colour of the particles will have a

marked influence in the appearance of the v/ater. If the

patticlei atii yellow—sand particles, (or instance—then a

blue coloured water will appear lo be green, as the light

reflected by the yellow particles is deficient in the rays of

the violet end of the spectrum.
" In the Mediterranean the solid particles are whitish,

and all the different colour phenomena are easily explained

by the diflfctent amounts of the reflecting particles at the

different places. Where the colour is deep blue there are

few particles in the water, and but little light reflected
;

and further, the light passes through a great amount of

water, and undergoes a great amount of selective absorp-
tion before it is reflected to the surface and to the eye.

But if there are many particles in the water much light is

reflected, and the colour is chalky blue-green, as the light

does not pass through so great a depth of water, and is

therefore not so deeply coloured, nor has it so many of the
green rays cut out as in the water where the particles ate
few and far separated.

"Colour experiments on a small scale with a solution of

Piussian blue and a fine white powder ate described. If

the solution of Prussian blue is placed in a vessel, the
bottom and sidts of which are dark and relljct no light,

then the coi )uied solution appears dark and colourless
;

but ii a litiie of the white powder is added then the solu-

tion at once becomes brilliantlycoloured. By varying the
amount of the powder in the water all the varied colour
effects of the I\Iediterranean can be reproduced, a little

powder causing the solution to appear deep blue, and as

more powder is added the brilliancy of the water increases,

and its colour changes from blue to chalky blue green.

"The presence and the abundance of white reflecting

particles is shown to be a characteristic of all finely

coloured wat-rs, and the wave-washed shores of the

Mediterranean are shown to be the factories in which are

prepared its reflecting particles. The waves, as they beat
on the shore, grind up the stones and rocks, and stir up a
great amount of fine whitish solid nutter, which gives the
water along the shore a milky appearance.

" With the assistance of these whitish particles, we
understand how it is that the brilliant blue-green of this

sea depends so much on the continuance of sea breezes.

The longer the wave-mills have been at work the more
fine powder has been produced along the shore, and moie
time given for the particles to bj carried seaward, by the

v/ave-mixed and wind driven waters, and the blue-green

which only extended in a nartoiv band along the shore,

when the wind began to blow, is, after a few days of in-

shore wind, seen to extend far to sea. We also under-
stand how it is that the colour near shore is so brilliant

and so much greener than outside. Near the shore there

is a greater quantity of white solid matter in suspeniion
;

there is therefore more light r.fljcted, and further, the

light does not penetrate through so great a depth of water,

and has not so much of the light of the red end of the

spectrum cut out, and therefote. looks greener than the

water outside, the light from vhicb has to penetrate a

greater depth of the absorbing nied um. The blueness and
beauty of the Mediterranean would thus appear to be due
to the blue transparency of its waters, coupled with the

presence of white reflecting particles, and the variety in

its colouring to the amount of the suspended particles at

different places and at different times.
" From this we see the important influence which the

geological formation of the shore has on the appearance
of the water of a sea, as it determines the nature of the

solid suspended particles. This is beautifully illustrated

by the difference of colouring in the Mediterranean at

^Ientone and at Cannes. At Mentone, limestone is every-

where abundant along the shore, and this limestone, whan
ground up by the waves, produces an extremely fine and
white powder, which mixed with the water, causes the sea

at Mentone to be far more brilliantly coloured than it is at

Cannes, where there is but little limestone, and the shore

is almost everywhere covered witb^sand, Ihe debtii^jf.ttie-.

surrounding rocks.
" In the exptriments in the Mediterranean it was found

that the solid particles weie so abundant that they pre
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vented the sun's rays penetrsling in a direct line to

any great depth. Tbis was 6hown by the illumination

of ttie while surface placed at some distance under

the water, and setn through the empty lubes, bting

the same, whether the suiface was turned towards the eun

or away from it. It was also shown by the fact that at a

depth of C m. ihctc bOliJ particles were found to reflect

about as much light as a white surface did. These solid

particles act like a fog, and. while they stop the light

penetrating in a direct line, yet allow it to penetrate much
further by interns] r;flcction. The sun's rays get entangled

—so 10 speak—among the panicles, and are reflected fiOn

particle to particle, becoming a deeper blue with each

reflection so that the particles become illuminated with

blue light. From this it is obvious that the more trans-

parent the water, and the greater the reflecting power of

the particles, tbt more deeply coloutei will the water

appear.
"The Lake of Como was the next water visited. A

white surface seen through its waters showed it to be as

deep'y coloured as th= Mediterranean, yet the absence of

white rilUciing pi ti:les in its waters and its dark-

coloured bottom, caus; it to appear comparatively daik

and colourless. Whsn a quantity of white reflecting

particles are auifi.ially mixed up wiih the water in this

lake a fine blut-gieei cloud was formed, which remained

visible for soino t m; amidst the darker waters, and showed

that all this lake required to make it brilliantly coloured

was the presence ol white suspended particles in its waters.

The waters of Ccm), in their passage from the laketofotm

the river Add.i, i hinge to a fine blue. This sudden alter-

ation in the appearance of the water is shown to be

probably due to the addition of fine reflecting particles to

the water on e teeing the river. Lago Maggiore, com-

pared with Coir.o and the Mediterranean, looks greener

than either, but tiflects more light than Como.
"The Like o! Geneva, whose waters have been so

highly praijed by all w.iters, was nt.xt visited, and the

explanation given of ihs colouring of the Mediterranean

was found to apply here also. Near Bouveret, where the

Rhone enters the lake, all the variety of colour phenomena

seen in the Mediterranean were repeated. The light

coloured muddy waters ot the entering river, as they

stretched far into the lake, represented the whitish waters

near shore in the Mediterranean, and where this whitish

stream mixed with the waters of the lake, the biigbt blue

green of the Mediterranean was reproduced, while further

out the waters weie deeper blue, rivalling in brilliancy

ibose of the Meiiterranean. The work done by the waves

along the shores of the Mediterranean in manufacturing

the light reflecting particles, is for the lake of Geneva,

done by the grinding of the glacier mills and streams of the

Rhone valley.
" The sit brought down by the Rhone was found to be

composed ot clean white particles, like fine white sand.

Many of the particles are thin polished plates, and when
examined by means of a concentrated beam of light, while

in suspension in water, are seen to flish brilliantly in the

strong light. This white solid matter brought down by the

Rhone is constantly being deposited all over the bottom of

the lake, and it is this whitish deposit which gives to the

I,ake of Geneva one of its peculiarities. The light

reflected from the whitish bottom causes the water of the

lake, all along the shore, to appear of a peculiar light

blue green colour, and enables u^ to judge of the depth of

the lake at depths far beyond that to which we can see

the bottom. We can only see a white surface of 15 cm.

fquare to a depih of about 7 ni., yet the light rtflecled

from the bottom aflects the appearance of the water at

depths far beyond 7 m., showing that light penetrates by

diffusion in these waters to far greater depths than it can

directly. The brilliancy and beauty of the Lake of Geneva

would thus, appear to be due to the purity and transparency

of its waters, coupled with the presence of an enormous

an.ou.it (.1 white itflecting suifaces, both in suspension in

IS water and de['0siled all over the bottom of the lake, the

(fljct being intensified by the brilliancy of the reflecting

particles.
" The colour of the water in Lake Bourget wai found to

be similar to that in the Lake of Geneva, though at the

time It was visited It was slightly more turbid. A white

surface could not be seen to so great a depth ai in Geneva,
and the water, even in the middle of the lake, when
examined by means of a concentrated beam of sunlight was
found to be very full of suspended light-reflecting particles

similar to those brought down by the Rhone. The exami-
nation of the water in these lakes was confined to the

coloured surface experiments, and to a spectroscopic exami-
nation of the internally reflected light. The results were
all similar to those in the Mediterranean.

" In the beginning of autumn the sea off the west coast

of S:otland, near the village of Ballanirae, and also in

Brodick Bay, was visited, and the water examined by
means of submerged coloured surfaces, and by means of

the spectroscope. The water was here found to be much
greener than any previously examined. A large quantity

of this water was filtfred, when it was found that most ot

the suspended particles were fine grains of sand. I'rom

this it Is concluded that the greenness of our northern seas

is in part due to the reflecting particles being yellow, and
the reflected light, therefore, deficient in the more re-

frangible rays. These yellow sand particles not only explain

part of the greenness of our northern seas, but they also

explain their comparative darkness and deadness, the

yellow sand particles reflecting so lilils light. The
importance, however, of even these bad reflectors was
v;ry evident during the time the observations were being
made. It was noticed that the water was much more
brilliantly green during and immediately after an inshore
wind, and when the filter showed the water to have a good
deal of sand in suspension, than after a calm, when many
ot the particles had settled out. Some water collected

about a mile seaward from Ballantrae was e.\amined in a
glass tube 7^ m. long, and was found to be of a blue-green

colour.
•' The water of Loch Lomond was next examined, and

found to be a perfect contrast to any previously described,

being of a colour nearly complementary to that of the

Lake of Geneva. A white surface seen through its waters
appeared yellow, and the submerged coloured surfaces

showed its waters to have their greatest absorption for the

rays of the violet end of the spectrum. Its waters reflect

a slightly yellowish light, its spectrum being brightest in

the yellow. This water is so deficient in reflecting particles

that its brightness is never greater than what we call

brown. If it was supplied with abundant reflecting particles

Loch Lomand would be a yellov/ lake.
" Well waters were also examined for colour by placing

them in long tubes, and looking through the water at white
and at coloured surfaces The tubes were in pieces, so that
tbey could be fitted up in lengths of 3 m. to 15 ni., to suit

the transparency of the water under examination. The
tubes were fixed borifontally, and at a convenient height
tor looking through them, and the ^vater to be tested was
poured in till the tube was hall full, so that by looking
through the upper half of the tube the colouied surface
could be seen, and through the lower half the effect of the
absorption of the water on the colour, and on the

biilliancy, of the transmitted light. The transmitted light

was also examined by means of a spectroscope.
" The colours of the different waters were found to vary

greatly. One sample was of a fine blue, others were
green-blue, some green, whilst others were of colours be-

tween green and yellow, but all were of colours between
blue and yellow. It was observed that the more trans-

parent a water was, the nearer its colour was to blue.

Scarcely any light could be seen through 7 m. of any of

the yellowish waters, whilst through thib length all the
bluish waters were quite transparent, and the spectroscope
showed that some ot the waters transmitted almost the
entire light of the blue end of the spectrum, and only
stopped the lays at the red end. When one of the bluish
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watets was examined in a tube 13 m., or neaily 50 feet

long, it appeared of a fine blue-green as transparent as a

piece of glass.

"Only a very little relation could be traced between
the colour of a water—when tested in long tubes—and its

suitability for dietetic purposes.
"The cause of the colour of water has been a frequent

subject ol speculation. Every substance which has been

discovered in water has in turn been suggested as the

cause of the colour. When no useful purpose could be

given for its presence, it was told oH to do the ornamental,

and make the water beautiful to the eye. All these specu-

lations assume that the colour is due to some impurity in

the water. This, however, is obviously begging the ques-

tion. It is first necessary to find out whether water has
any colour in itself, and what that colour is, before we
can say anything about the effect of Impurities. As it

would be impossible to prepare absolutely pure water, and

as we might still be in doubt as to whether any colour

seen in purified water was due to the water or to the impuri-

ties, the following method of experimenting was adopted :

Distilled water was prepared in two sets of apparatus ; in

one set the condensing tube, the collecting bottle, and the

testing tube were all of glass ; in the other set they weie
all made of brass. If the waters prepared in these twj
sets of apparatus have the same colour, then the proba-

bility is that the colour is due to the water, as the impuri-

ties will be different in the two samples, and they would
probably give diflferent colours. The result was, ihe

colour of the samples of water prepared in both sets

of apparatus was the same—namely, blue. This conclu-

sion was further confirmed by preparing another sample of

the v.'atet, and condensing it this time in a platinum tube.

The water so prepared was also found to be of a fine blue.

All three samples were almost exactly the same colour as

Prussian blue. Standards of colour were kept, with which
the different samples of water were compared, both for the

colour and for the amount of the colour. As all the diffe-

i3nt samples of distilled water—after the apparatus was
thoroughly purified—bad the same colour and amount of

colour, it seems almost certain that water is a blue trans-

parent substance, and that the colour in these experiments

could not be due to impurities, which must have varied

both in kind and in amount in the different samples of

water. Further, as the amount of colour in the Mediter-

ranean water, and in the bluish well waters was, as near

as could be judged, the same as in pure waters, it does not

seem necessary to call in the aid of impurities to account

for the blue colour seen in the lakes and seas, the colour

being principally due to the water itself, and the different

substances in solution, instead of making the water blue,

tend to change its proper colour and make it green or

yellow.

"The addition of impurities to water seems generally to

change its colour from blue to green, or to yellow, though
there seems to be no reason why some impurity may not

change it to a deeper blue. The selective-absorption of

the water remains the same, while the impurities add their

selective-absorption to that of the water, and while they

change the colour they also decrease its transparency.

This explains why it is that the yellow well v/aters are so

much less transparent than the blue. This must neces-

sarily be so, as a very small depth of water destroys the

rays which give yellow, and the transparency of yellow
watets can only be the transparency of water for yellcw

light, which is very much less than for blue light. No
attempt was made to find out what the different discolour-

ing substances in water are. The task would evidently be

an endless one, and of little value.
" The effect of the light reflected from the surface of the

water is then referred to. It is shown that when the sky

is covered with white clouds, the surface reflection is so

strong as to mask the colour of the water, and that when
the sky is deep blue the sky-reflected light intensifies and
deepens the apparent colour of the water. The importance
of the BUtface-iefletted light is best seen when the sky is

covered with clouds, and glowing with a colour different

from that of the water, as at sunset when the clouds ate
richly coloured all over the sky and deeply down towards
the horizon. The wa tr will then, especially if calm,
appear like a sea of molten metal glowing with sky-
reflected light, so powerful and brilliant as entirely to over-
power the light mternally reflected by the water.

" Pure water havmg been shown to be perfectly trans-
parent to the more telrangible rays, and as it absorbs
the red rays, water, when looked at from the side on
which the light is falling, must necessarily be dark, and
cannot reflect any perceptible amount of blue light. We
must therefore look to the solid particles in suspension in

the water as the cause of the light reflected by water, and
while the selective absorption of the water principally
determines its colour, its brilliancy is entirely determined
by the suspended particles. It is shown why it is that
though we have waters of many colours, yet we only
observe the colour when it is blue or green, and never
when it is yellow. Amongst other reasons given is the
much less brilliancy of yellow waters, this less brilliancy
being due to the less transparency of the yellow waters
compared to blue ; only the reflecting p-'rticles near the
surface are active in the yellow water, whereas the particles
to a considerable depth in Ihe blue can reflect their light

to the surface. This is one reason why Loch Lomond is

so much darker than the Lake of Geneva. Loch Lomond
certainly has fewer and less powerful reflecting particles
than the Lake of Geneva, but it is darker also, because only
the particles to a much less depth can reflect their light to
the surface.

" The waters of our northern seas, when provided with
proper reflecting particles, such as air-bells and white
particles, are shown to be much bluer than they generally
appear. The brightness and blueness of the waters off
the coast of Cornwall are shown to be due to the beaches
along this coast being at many points covered with a
whitish-coloured sand, which gets mixed up with the water
by the action of the waves, .^s the water of the sea is

constantly circulating, it seems impossible that the same
water can be one colour at one place and a different colour
at another, but we can easily see how the different colours
and degrees of brilliancy can be produced by the colour
and the amount of suspended matter at the different places
—where the water is mixed with whitish particles being
bluish, and where mixed with yellow particles appearing
greener—whilst its brilliancy is determined by the amount
of suspended particles which may be present at the time
in the water.

"In conclusion, a lake in the Cordilleras is referred to
as combining all the conditions necessary for producing
fine and brilliantly blue coloured waters. The traveller in
describing this lake says : 'Its waters were of the most
extraordinarily brilliant blue I ever beheld.' From the
description, this lake is in many respects like the Lake of
Geneva. It is provided with an abundant supply of pure
glacier water, free from discolouring impurities, but laden
with abundance of white-reflecting particles, whose
presence is evidenced by a white strip ' around the lake."

In a letter to Prof. Tait, dated Mentone, April 14, 1882,
Aitken {Proc. Roy. Soc. Edin., 1882, xi., 472) says :

" Since coming here this time I have tested the sea with
the polariscope and with the spectroscope. With an
instrument by Hoffman, which gives coloured bands with
polarised light, I have been able to detect small, but
decided indications of polarisation in the light internally
reflected by the water, the surface reflection being, of
course, cut off when the observation was made. At
present I think the polarisation is due to regular ref5ection
from the polished surfaces of some of the particles, which
are seen to glance brightly in concentrated sunlight.
"I have also detected an absorption band in the green

of the spectrum of the light internally reflected by the
Mediterranean water. This band is much mote distinct
in water where there are but few reflecting patticlegi ppd

I the light undet'gfoes a great amount of selective ab'sbVption.
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At aboat i mile fiom shore, whece I could see a wbiti

turftc* 6 incbee square at a depth uf lO nietrei, the ibiotp-

tion band wai quite distinct, but became lesi and less as

I approached the shore, where there was mora matter in

suepennion and the water lesi transparent, but the

pecttum more brilliant. I cannot say whether this band
belongs to water or to salt, or to what it is due, never

having noticed it before ; but I never examined water so

transparent, and where the light bad undergone so much
absorption."

Spbaeqnently to Aitken, but apparently independently,

Spring (Bull. Acad. Roy Belt;., (3) iSSj, v., 55) made a

thorough and interesting study ol the colour of water.
" Water in large masses always appeared coloured to ui

;

but the colour it not always the same and the tints ate

rich and vary enormously. The Mediterranean is the

moit beautiful indigo 1 the Atlantic is sky blue ; the Lake of

Geneva is famous for the beauty of transparency of its

a,!Ure waters ; the Lake of Constance, the Rhine which
flows from it, the Lake of Zurich, and the Lake of Lucerne
a;e juit as transparent, but the waters are more green than

blue. The little Kloenthalet Sea near Glaris can scarcely

be distinguished from the surrounding fields, the water is

S3 near the celour of the grass nn the banks. Among the

more deeply ooloured waters I will mention only the Lake
of Siaffel near Murnau at the foot ol the Bavarian Alps.

On the day that I saw it, the water seemed absolutely

black, although perfectly clear when teen in thin layeri.

(To be continued),

OFONTRlBUriON TO THE CHEMLSTKY
TELLURIUM SULPHIUE.-

Bv .\.\K'JN- M. H,\GEM.\N.

A L.\RUruL study of any compounds which tellurium is

able to fotni with sulphur is of special interest to the

inorganic chemist from a twofold view-point. First, it

may serve more definitely to establish the true chemical
character of tellurium, and second, it may furnish positive

information regarding the possible complexity of that

element whose atomic weight has already been more
exhatistively studied than any other element known to

chemists.
AUhoagb Berzelius {Fogg. Ann., iSi6, viii., 411) in

i8a6, reported that two sulphides of tellurium could be

prepared by passing hydrogen sulphide gas into acidified

aqueous solutions of tetravalent and bexavalent tellurium,

respectively, Becker {Ann., 1876, clxxx., 2571 showed that

the resulting precipitates were not true chemical com-
pounds, since a large part of the sulphur could be extracted

with carbon disulpbide. The existence of true sulphides

ol tellurium was therefore questioned.

However, Becker was unable to remove completely all

the ealpbur from these precipitates by carbon disulpbide.

He states that a minimum of 3-65 per cent of sulphur is

always retained by th« tellurium. This phenomenon has
attracted the attention of chemists, who have seen a clue

to the suspected complexity of tellurium, since the un-

identified hypothetical impurity in tellurium must have a

higher atomic weight than tellurium, and consequently
ought to form a more stable sulphide.

Such has been the assumption of Biauner (Monati.,

1889, 456), of Gutbier and Flury (Zeit. Anorg. Chem.,

1902, xxxii., 372), and of others.

However, none of these workers has been able to obtain

positive evidence of the existence of any compound
between these two elements, while all attempts to remove
completely the sulphur from the precipitate have failed,

though Gutbier and Flury have succeeded in reducing the

* Abfttra«t of a part of a thesis submitted to the Graduate Schiiol

0' the UmvcrL,ity uf Wi-cuQ-iu in partial fulfilmcut of ibe raquirt:-

nicntg for ihcdck'rcc of Doctor of Pniloso^'h/ From the 'journai oj

I'le AnuHiin CXtmitii Saiitly, lU., Me, i-

amount of sulphur retained by the tellurium from 3-6y
per cent as repotted by Becker to iig per cent.

Snelling (fourii. .im. Cliem. Soc, ryl2, xxxiv.. So.-)

more recently has reported the isolalijn of an unstable
compound of tellurium and sulphur having the formula
TeS. He obtained this compound by passing hydrogen
sulphide into an acid sol'iiion of (ellurous acid of known
strength at o' C. .Mter passing in the gas for twenty
minutes, 30 cc. of carbon disulpbide which had also been
cooled to o' C. was added and allowed to stand in contact
with the precipitate for twenty minutes. The undissolved
portion was collected on a filter and analysed. His
analysis showed tel'urium and sulphur approximately in

the ratio required by the compound TeS. Consequently
he has stated that at the moment of precipitation one halt

of the sulphur is chemically combined with the tellurium
as TeS while an equal amount of sulphur exists in the
precipitate as free sulphur. He further states that the
Lompound TeS is unstable, dccompjiing at o"' C. '\.\ about
fo'.ir hours, or iiulaiitly if heated.

The work about to be desciibed was undertaken in the
hope of throwing some light upon the chemica' con jiiion

of this small amount of sulphur which resists the action
carbon disulpbide, and to investigate further any true

chemical union which may exist between tetravalent t.l-

lurium and sulphur. The latter problem was attacked by
first carefully repeating Snelling's (loc. cit.) experiments
in aqueous solution and then carrying out the precipitation

of tellurium sulphide in non-aqueous solutions in order to

determine whether the medium had any effect upon the

composition and stability of the precipitate produced.

Materials.

Telluroiis .icid.—Crude tellurium containing, as its

principal impurities, smili amounts of copper and
selenium, was oxidised with aqua regia. The tellurium
dioxide thus obtained was (reed from nitric acid by gentle
ignition, dissolved in conceiUi^ted hydrochloric acid, its

solution diluted with an equ.tl volume of water, and
filtered. From this solution si;lcnium and tellurium were
precipitated by sulphur dioxide. After washing with water
until free from chlorides, they were fused with KCN at a
dull red heat with the formatijn of potassium selenocya
nate and potassium telluride. The fusion product was
dissolved in hot water and the tellurium precipitated by
means of a current of air, the selenium remaining in solu

tion. This gave very pure tellurium.

This tellurium was dissolved in nitric acid and crystal-

lised twice from dilute nitiic acid as the basic nitrate. This
was ignited and fused to the dioxide, which, on coolini;.

crystallised in long, pale yellow crystals. On gtinJing, a

white powder resulted which yielded, upon analysis, by
the method of Lenher and Homberget {Journ. Am. Chem.
Soc, 1908, XXX., 37»), 8o'o5 per cent Te. Calculated

7999 per cent. (The figure 127 6 has been used for tht;

atomic weight of tellurium). Tellurium dio.-de was con-
verted into tellurous acid by dissolving iti hydrochloric
acid and diluting the solution with water to the strength
desired.

Hydrogen Sulphide.—This gas was made by the action
of hydrochloric acid on sodium sulphide. It was washed
with sodium sulphide solution and dried with calcium
chloride before being used.

Carbon Disulphide.—Tbe carbon disulphid; used in the
investigation was freed from sulphur by alj.ving it to

stand over copper turnings for at least two wt.k;. It was
then filtered away from any black particles of CuS which
had separated and was distilled, only those pciiions being
saved that came over between 44" C. and 4b- C. This
product left no residue of sulphur on spontaneous evapora-
tion. It was purified as used, no attempt bei'ij ii.ide to

keep the purified product.

Exfitrimeittal.

A solution of tellurous acid containing 5 p^: c:iu free

bydiochlocic acid was prepared and its exact tellurium
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content detetmined by the Lenhet-Homberger (loc. cit.)

method.
Three samples were taken from this solution and placed

in 300 cc. Erlcnnieycr flasks. Concentrated hydrochloric

acid was added till the samples contained 20 per cent, 10

per cent, and 5 per cent hydrochloric acid. These solu-

tions were placed in a thermostat carefully retrulated at

25° C, and after they had attained that temperature, were
treated with pure, dry hydrogen sulphide gas until precipi-

tation was complete. In all cases the hydrogen sulphide

caused the immediate formation of a dark red voluminous
precipitate which increased in volume until most of the

tellurium bad precipitated, when it began to coagulate in

small granules. Simultaneously with this decrease in

volume, the colour gradually becsme darker until the tel-

lurium bad quantitatively precipitated as a black mass
which settled to the bottom of the flasks. The precipi-

tates were brought upon tared Gooch filters, washed with
water containing hydrogen sulphide gas, followed by hot
water, then dried in a vacuum over phosphorus pentoxide
at room temperature, and weighed. The results obtained
follow :

—

Grm-

Weight of Te and S required for TeSj 0-3035
Weight of Te and S found (20 p.c. HCI) o 3031
Weight of Te and S found (10 p.c. HCI) 03034
Weight of Te and S found (5 p.c. HCI) o 3038

These results establish two definite facts -First, the
precipitate obtained by the action of hydrogen sulphide gas
on acid solutions of tetravalent tellurium contains tellurium
and sulphur in the ratio 1:2; and second, that the concen-
tration of acid has no effect upon this ratio.

The Extractionof Sulphur from the Precipitate.—K pre-

cipitate obtained as above from a sample of tellurous acid
containing about sgrnis. of Te was transferred to an ex
traction thimble and extracted in a Soxhlet extractor with
carbon disulphide for twelve hours. Then it was freed of

carbon disulphide by carefully washing with alcohol, fol-

lowed by ether, and a sample was analysed for its sulphur
content. This was accomplished by treating with nitric

acid followed by fuming nitiic acid in the cold until

o.xidation was complete. The solution was evaporated to

dryness, the residue taken up in 8 per cent hydrochloric
acid, and the sulphur determined by the usual gravimetric
method.
The results showed 1-35 per cent and 1-34 per cent

sulphur retained by the tellurium, in fair agreement with
the results obtained by Gutbier and Flury (loc. cit.). By
a longer extraction with carbon disulphide these investi-

gators were able to reduce this figure to I'lg per cent.

The experiment shows, however, that a carbon disulphide
extraction of comparatively short duration will remove
readily all but 1-35 per cent of the sulphur.

Since, then, a small part of the sulphur does not dis-

solve in carbon disulphide, we may assume three possi-

bilities regarding the chemical condition of this small
percentage of sulphur. It may exist in the precipitate in

chemical combination with the tellurium or, perhaps, with
some undiscovered element more metallic in nature. Such
an element would undoubtedly form a sulphide which
would completely resist the action of carbon disulphide.
Then, again, this sulphur may exist as a form of elemen-
tary sulphur that is insoluble in carbon disulphide, though
no one appears to have considered this possibility.

To test the two first possibilities, the following experi-
ment was carried out:—A large sample of completely
extracted material was treated in a large test-tube with i

to I hydrochloric acid and water and gradually warmed.
The test-tube was fitted with a one-holed rubber stopper,
and the gases which came off were directed against a
filter paper saturated with a solution of lead acetate con-
taining a large excess of sodium hydroxide. Not the
faintest coloration which would indicate hydrogen sulphide
could be obtained. The experiment was repeated, using
stronger bydrochloiic acid and also bydrobromic acid of

variouf strengths, but with negative results. Although
these experiments do not prove conclusively that no sul-

phide exists in the precipitate, it shows that no sulphide
which either hydrochloric or hydrobromic acid is capable
of decomposing exists in the precipitate.

Amorphous sulphur is known to chemists in one form
which is soluble and one which is insoluble in carbon
disulphide. The insoluble amorphous modification, fre-

quently known as gamma sulphur, can be produced by de-
composing sulphur monochloride with water or by the
interaction of hydrogen sulphide and sulphur dioxide. It

would not be surprising, therefore, if the latter variety of
julphur were formed here in the decomposition of the tel-

lurium sulphur precipitate.

The insoluble variety of sulphur may be converted into

soluble sulphur by long boiling with alcohol or by sub-
jecting it to a pressure of 8000 atmospheres. The latter

method being impractical, the former was resorted to.

Theconversion was attempted inthe following manner:—
.V large sample of tellurium sulphur was precipitated as
usual and most of the sulphur extracted in Soxhlet
extractor with carbon disulphidt. Then the carbon
disu'phide was removed carefully and the extraction con-
tinued with absolute alcohol. By this means the precipi-

tate was subjected to the action of hot alrohol and, at the
same time sulphur was dissolved away as rapidly as it

was converted to a soluble form. At the end of twenty-four
hours of continued extraction, the alcohol had assumed a
yellow colour, indicating that some sulphur bad been
removed from the precipitate. On dilution with water an
opalescence confirmed the presence of a small amount of
sulphur. Thi alcohol in the flask was replaced with fresh
alcohol and the extraction continued. At the end of the
second day the alcohol again became slightly opalescent
upon dilution with water. This process was continued
for nine days, the used alcohol being replaced with fresh
alcohol each day. At the end of this period, since the
alcohol showed no trace of opalescence upon dilution
with water, a sample was removed and analysed for

sulphur. The analysis showed o'g5 per cent and oy6 per
cent of sulphur present in the precipitate. Consequently
the extraction was continued for one month. Samples
were again removed and the sulphur detetmined ; 0-93
pet cent and 0-96 per cent of sulphur still proved to be
present in the precipitate.

From these results it is evident that this small amount
of sulphur does not exist in the free state, or, if so, in an
extremely insoluble and inert form. The manner in

which this sulphur exists chemically remains an unsolved
problem.

The Non-e.tiitence of r«6'.—The work of Snelling (loc.

cit.) at o^ C. has been repeated in detail with only those
changes found necessary to increase the accuracy of the
results obtained. A sample representing 02020 grm. of
elementary tellurium was used. The solution was care-
fully cooled to o^ C. by means of an intimate mixture of

pulverised ice and water. The hydrogen sulphide, after
being freed from hydrochloric acid gas and dried, was
passed through a long coil condenser similarly cooled.
After passing the gas into the sample for twenty minutes,
60 cc. of purified carbon disulphide cooled to 0° was
added. By a whirling motion the precipitate was com-
pletely forced into the carbon disulphide which occupied
the bottom of the flask in which the precipitation was
made. After standing in the freezing mixture for fifteen

minutes, the cartion disulphide assumed a yellow colour
and the precipitate became black and granular. The con-
tents of the flask were brought upon a tared Gooch filter

which had also been cooled to 0" C. The precipitate was
washed with water and dried in vacuo over PjO,.

Te in sample, 02020 grm. ; required for TeS^, 03035 ;

required for TtS, 0-2527 gtni. ; weights of Te and S
found, 02540, 0-2537, and 02542 grm.

These results were of special interest since the weighti
of tellurium and sulphur found were always slightly bigbet
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than the weights required for TeS and considerably lower
than those requited (or TeSj. A number of eucb detir-

ininations were made, and all tended to show that a com-
pound containing more sulphur than TeS was at first

produced.
Assuming that TeS^ might be produced at first, a series

of experiments was carried out in which the time elapsing
between the first introduction of hydrogen sulphide gas
into the solution and the final removal o( the precipitate

from the caibon disulphide was reduced from thirty-five

to ten minutes. These results seemed desirable since the

rapid change in colour taking pla:e immediately after

precipitation might indicate the gradual dissociation of

the product first formed into its elcmsnls. Hydrogen
sulphide was passed in for five minutes and the resulting

precipitate extracted with carbon disulphide for five

minutes.

The results obtained furnished further evidence that

TeS was not iotmed prir.iitily. However, it was difficult

to obtain uniform results, and it appeared that all the

factors bad not been taken into account. The two chief

uncertainties were, whether the tellurium was completely
precipitated in this length of time and whether the carbon
disulphide was in contact with the precipitate a sufficient

length of time to remove all free sulphur.

A qualitative test of the filtrate showed small amounts
o( tellurium still remaining in solution, indicating incom-
plate precipitation. In order to determine the exact
amount of tellurium in each case the Gooch crucibles

containing the completely dissociated precipitates were
extracted with carbon disulphide until they failed to lose

weight. Since all but 1-35 per cent sulphur could be
removed, the weight of tellurium in the precipitate was
easily calculated.

The use of this method made it necessary to determine
whether tellurium itself was entirely insoluble in carbon
disulphide. A series of extractions of precipitated tel-

lurium with carbon disulphide in a manner exactly similar

to the extractions given the tellurium-sulphate precipitate

proved this to be the case. Consequently a series of

experiments was carried out using carbon disulphide as the

extraction agent. The exact weight of tellurium precipi-

tated in each case was calculated from the weight of the

completely extracted precipitate. The precipitates were
allowed to stand in contact with the precipitate for exactly

five minutes. The results of the experiments are given

in the following table : —

Wt.ofTe. Required for Required for \Vi. of TeS S in Te S ppt.
Grm. TeS. Grm. TeSi- Grm. ppt. Grin. Per cent.

01956 02931 0-2447 02884 32-18

o'lgSS 0-2957 02462 0-2891 31 93
0-1990 0-2990 0-2490 0-2943 32'34

Besides explaining why it was impossible to obtain

uniform results in the previous experiments, these results

furnish more complete evidence that the original precipi-

tate could not have bad the composition TeS.
In order to determine whether five minutes was sufficient

time for all separated sulphur to be taken up by the carbon
disulphide, the following experiment was carried out :

—
Since hydrogen sulphide has no action on carbon disul-

phide it was found possible to have carbon disulphide

present during the precipitation. This provided for a ten-

niinute extraction of the greater part of the precipitate.

Results of euch experiments follow:—

Wi. o( Te. Required for Required for Wi. of TeS S in Te-S ppt.*
TeSi- Grm. TeS. Grm. " "

Grm.

0-1858 02792
0*1879 02823
0-I932 02903

02334
0-2351

0-2417

ppt. Grm.

°-2733
0-2751

0-2855

Per cent.

32-02

3f70
32-32

These resuhij showed that five minutes was adequate
for the removal of all free sulphur, since these results were
in close agreement with those obtained by the five-minute

extractiona. Moreover, they apptar to warrant the con-

clusion that the first product produced by the action of
hydrogen sulphide upon aqueous tellurous acid solutions
is not a compound represented by the formula TeS but
must be a compound containing a greater amount of
sulphur.

One phase of the methods employed up to this point
was not entirely satisfactory, namely, the use of a
numerical constant in determining the actual weight of
tellurium precipitated. An apparatus was consequently
devised which permitted a gravimetric determination of
the tellurium precipitated, thereby giving a direct instead
of an indirect method for the determination.

(To be continued).

PROCtEDINGS OF SOCIETIES.

SOCIETY OF GLASS TECHNOLOGY.

Thl Annual .Meeting of the above Society was held on
Wednesday, April 16, in the Applied Science Department
of the University of Sheffield. Mr. W. F. J. Wood,
C.B.E., President, took the chair.

.•\fier the annual report of the Society had been read,
the Officers for the coming year were elected, Mr. S. N.
Jenkinson, M.B.E., becoming the Society's new President.

.\fter the formal business had been dealt with, Mr.
Wood gave a short presidential address, in which he spoke
of the Research Association that had been formed in the
glass industry. A provisional committee bad been
appointed, and at an early date all manufacturers in the
Industry would be invited to join the Glass Research
Association. Substantial promises had already been
received, and it was felt that the scheme would be a great
success, especially as it was being looked upo.i with such
favour by the Department of Scientific and Industrial
Research.

Mr. A. P. M. Fle.ming, O.B.E., Director of Education
and Research for the British Westingbouse Co., gave a
most interesting and instructive account of Industrial
Research in the United States.

Sir Frank Heath, Secretary of the Government De-
partment of Scientific and Industrial Research, then
addressed the meeting. He pointed out the glass in-

dusiry had been engaging the anxious consideration of
the Government as much, if not more, than any industry
in the country since the war began. During the war the
Department had been enabled to help the Industry in

many ways, and would do so in the future. There was
considerable research still to be carried out, but this

would cost money, and take time. He could not help
feeling that too much dependence upon state aid indicated
an unhealthy condition in industry. It ought not to be
necessary for any industry to look outside itself for direct

and immediate aid in the conduct of its work. That was
not the past of British Industry, which was where it is

by its own efforts, a fact we were very proud of. It was
certain that British Industry would have to save itself by
organisation, and work from v/ithin. Th.;re was very
great call from other industries besides that of glass lor

State Aid in Research. Research was insurance for

knowledge, and be appealed to the Research Association
to get the best men possible for their work, and then they
would be absolutely certain of good results.

Dr. W. E. S. Turner addressed the meeting. He
emphasised the need for research, and showed how it

would advantage small firms as well as the great. He
gave several examples where money had been wasted and
was being wasted for lack of scientific knowledge and
supervision. The chemist in co-operation with the

engineer was a safeguard in the industry, and he appealed
for researches in glass on the pure side as well as the
applied.
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Before the meeting the Department of Glass Technology

was thrown open to members of the Society, many
interesting and instructive operations being carried out.

Mr. J. B. Davidson, M.Sc, F.I.C., showed the casting of

a 2 cwt. Glass Pot.

After the visit ol inspection, members of the Society

had the valuable opportunity of seeing the Vacuum
Casting of a large Gla.ss Pot. The pot when finished was

some 38" in diameter, and of the hooded variety. The
demonstration was carried out by Mr. B. ]. Allen.

In the evening the Society held their first annual dinner

in the Grand Hotel ; the chief guest was the past President,

Mr. W. F. J. Wood, C.B.E., B.Sc. The other guests

present iiicluded Dr. Ripper (ViceChancellor of Sheffield

University), Sir Frank Heath, Dr. F. E. Bradley, Mt.

A. P. Trotter, Mr. W. Gibbons, Mr. P. V. B. Tippetts,

Mr. A. P. M. Fleming, Mr. T. Mortimer Sparks (Com-

mercial Editor of the Sheffiild Daily Telegraph), Mr. R.

.\inger (Commercial Editor of the Sheffield Independent).

The next meeting of the Society will be held in London
on May 21, when it is hoped that Dr. Walter Rosenhain,

F.R.S., will read a paper on "Refractories Research"

carried out at the National Physical Laboratory. On the

morning of the meeting members will be given the oppor-

tunity to visit the Naliondl Physical Laboratory.

NOTES.

Osmotic Pressure and Prepared Foods. -In keeping

preserved foods enclosed in skin, osmotic pressure on the

membrane of even slightly salt solutions will tend to pre-

vention of putrefaction. An attending phenomena that

sucb is the case is that during sudden fall of temperature

there is a distinct exudation of water.—J. C. Thomlinson,

B.Sc.

Osmosis and Emulsions.— Osmotic pressure in the pre-

sence of emulsions in organic semi-solutions and in pastes

gives rise to phenomena, two of which may be described.

In the first, solutions of a colloidal character evaporated

in vacuo may, after standing for some time, contract to a

considerable extent, in which neither contraction on

cooling or normal evaporation can be advanced as the

immediate causes. In the second, organic pastes con-

tained in membranes, on cooling the external surroundings,

transfuse water by osmosis in quantity, the liquid exuded

bearing a considerable ratio to the paste left.—J. C.

Thomlinson, B.Sc.

A NEW Association called the Technical Inspection

Association has recently been formed, which should appeal

very strongly to many technical men throughout the

Empire who are in any way interested in inspection work.

It is the outcome ol the Ministry of Munitions Inspection

Department, and has been formed for two main pur-

poses :— (i). To maintain intercourse and promote mutual

assistance among its members. (2). To conserve and

co-ordinate for the national use the experience brought

together by the War and generally to develop the progress

and standardisation of inspection in the engineering,

chemical, and allied industries. Owing to the stoppage of

war work the services of large numbers of men, most of

whom possess high technical qualifications, and who have

spent several years on the inspection of Government con-

tracts, are now available. A list of such members is held

/ the honorary secretaries, who will be glad to supply

particulars to any who may be interested.

The Hardware and Engineering Supplies Co., Ltd.,

16, Water Lane, Great Tower Street, E.C. 3, are manu-

facturing amber glues in liquid and jelly form, as used by

ply woo I manufacturers, aircraft and cabinet manufac-

tuitrs, box makers, and bookbinders, superstarch for

launderers in liquid form, and iioft soaps and soap bases,

and desire publications beating on these industries.

Frederick Cope, Consulting Engineer, Southgate
Chambers, Wakefield, desires information ee the most
efficient plant and up-to-date methods in connection with
btickmaking. Also the most modern process for rag
carbonising.

The Board of Trade announce that the Fuel Order,
igiS, which controls the sale of wood for fuel, will cease
to have effect as from April 30.

It is notified that Messrs. F. Bunn, King's Lynn, G. V.
Sedgwick, Middlesex, and B. C. Wilkinson, Reigate,
nominated under the 8lh Section of the Weights and
Measures Act, igo4, have passed the examination pro-

vided for under that Section.

A considerable number of merchants and business
representatives who formerly lived in Russia are at the
present time in the United Kingdom owing to the actions
of the Bolsheviks. As a considerable part of the former
Russian Empire is nov/ available for trade, it may be that

firms in this country would be glad to take advantage of

the present exceptional opportunity of obtaining the
servicis of these men, who are especially well qualified to

open up trade with Russia. The Department of Overseas
Trade would be glad to heat from any fi n that desires to

be brought into touch with the persons referred to, either

immediately or later on, when trading in a more general
way can be conducted with Russia. Enquiries should be
addressed to the Russian and Scandinavian Section,
Sunderland House, Curzon Street, Mayfair, W. i.

Amongst the questions which the closing months
of the v.'ar have brought to everyone's notice there

is none of wider interest than domestic service. For
although it is the custom to joke over "the servant
problem," it comes home vividly to every man and woman
in the kingdom. Scoffers may laugh at including
elementary science in a cook's training, but how else

is she to understand and remember why cold water
removes the smell of onions while hot water fixes it

;

why certain foods should be put down in boiling water while
others need cold water; why the contents of some saucepans
are to be kept covered and others not ? In every department
of work the more thoroughly you understand the reason for

your routine actions the more interesting they become.
For that reason it is always well, where possible, to follow
up orders with a brief reason for them—it also fixes the
order in the maid's memory and prevents her thinking in

some cases that it is purely arbitrary, if it seems at first

sight slightly more troublesome than her old method.

NOTES FROM FOREIGN SOURCES.

Yellow Cuprous Oxide.— L. Moser. -The best way
to prepare yellow cuprous oxide is by the reduction of

Cu" ions in presence of OH' ions by means of hydroxyl-
amine hydrochloride, and the electrolytic method, using
a pure copper anode and alkali sulphate as electrolyte.

The light yellow product which is first precipitated is very
probably cuprous hydroxide, which spontaneously gives
up water at a low temperature and is converted into the
reddish yellow hydrated cuprous oxide which is amorphous.
The dry yellow cuprous oxide is quite stable in air, but it

shows a tendency to pass very slowly into the crystalline

form. This very slow process can be hastened by heating
the amorphous product in absence of air. The yellow
cuprous oxide must thus be regarded as the primary
metastable form which shows a tendency to pass into the
metastable red crystalline modification.

—

Zeii. Anorg,
Chemie, igig, cv., 112.

A very Sensitive Reaction of Copper. Applica-
tion to the Analysis of Ash and Arable Soils.—L.
Maquenne and E. Dcmoussy.—When a hydrochloric acid

solution of an ash, sufficiently concentrated and carefully

jreed from iron and manganue, is treated with potasiium
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(ttcocyinide, ordiiiaiily th'; liquid asiunies a yellowish

pink tint, indicating the presence of copper. But in most

cates tha coloration is not stable ; it rapidly fades, giving

place to a turbidity which on standing or centrifugation it

reiolvcd into a blackish precipitate tinged with brown or

blue, as it the solution still contained iron. The cause of

this anomaly appears to be the presence of itinc which is

known to accompany copper in the organs of plants. If

ferrocyanide is added to a very dilute cupric solution

acidified with hydrochloric acid and containing varying

proportions of zinc sulphate, the phenomenon can be

reproduced, and when the amount of zinc is double that

of the copper a blue mass can be separated by centrifuga-

tion. The blue coloration attains its maximum of inten-

•Ity and purity when the zinc is four or five times as

•bnndant as the copper, becoming paler as the proportion

it increased. This is one of the most sensitive reactions

of copper, and it is only necessary for the solution to be

free from nitric acid and iron. To apply the method in

practice the ash is heated with sulphuric acid in a quartz

capsule, the particles of silica and calcium sulphate are

separated by centrifugation and the liquid is electrolysed.

After twelve hours the cathode is washed with warm nitric

acid and water, the liquid is evaporated, the residue

calcined and taken up with hydrochloric acid. Then

sulphate of zinc (025 mg., i.e., z drops of a solution

containing fi04 grms. per cent) and a drop of 10 per

cent potassium ferrocyanide are added. If copper is

abundant, in which case it would have been visible on the

cathode at the end of the electrolysis, a pink coloration,

which soon turns blue, appears. If the amount of copper

is less than 001 mg. the blue coloration appears after

some minutes and the depth of the coloration of the pre-

cipitate obtained by centrifugation gives an indication of

the amount of copper present.—Com^f^s Rtndm, 1919,

clKviii., 489.

Method of Treating Beryl for the Extraction of

Olucina.— H. Copaux. — Beryl usually possesses a com-

position very close to that corresponding to the formula

AliO3.6SiO3.3BeO, i.e., 67 per cent of silica, 19 per cent

of alumina, and 14 per cent of glucina. It is very re-

Itactoty towards acids, but is acted upon by caustic

alkalis, which at a tempetature of about 400° transform it

into a silicoaluminate of glucina and alkali, which is

then readily attacked by acids. This method of opening

up the mineral has the disadvantage of necessitating the

elimination of the 67 percent of silica which is present in

the gelatinous form. The author has discovered a method

ol treatment of beryl which depends upon the action

of sodium fluosilicate at a temperature of about 850°.

Sodium fluosilicate Na:;SiFo is a white crystalline powder

which ii decomposed by heal at about 750° giving sodium

fluoride and silicon fluoride, a very active gas

which attacks the glucina giving glucinum fluoride

2BeO-(-SiF4-SiOj-f 2BeF2. The latter then forms

sodium fluoglucinate with the sodium fluoride

2BeFj-l-4NaF-aBeF,Na>, which is soluble in water.

The alumina by an analogous reaction is transformed into

sodium fluoaluminate, which is hardly soluble in water.

Thus when the product of the reaction is taken up with

boiling water all the glucina goes into solution. To

purify the product the aqueous solutionis treated with

a small excels of boiling caustic soda, which precipitates

simultaneously glucina, alumina, and silica, carrying

down fluorine. The precipitate is redissolved in sulphuric

add, concentrated to expel the fluorine, and then the

jlucina if ttysialli^ad aa sulphate BeS04-i.4lliO, whisk

IS not isomot^^blt with either aluminium or fsrric sulpbaie,

which may be present in small quantities. By this rasthod

about nine tenths of the glucina in th« mineral is re-

covered. To determine the glucina in beryl 5 grms. of

the finely powdered mineral are mixed with 20 grms. of

sodium fluosilicate and heated (or thirty to forty minutes

10 850' in a graphite crucible. After cooling the

powtUte* mass is taken up three limes with boiling water

and tha aqueous liquid after filtration is made up to

o'ag. The least weight of ozone delectable by this

I litre ; 300 cc. are then evaporated in a platinum crucible

with excess of sulphuric acid till white fumes are evolved.
The mass is then taken up with water and precipitated
with ammonia. If iron is present in considerable amount
the precipitate is dissolved in acetic acid, and the iron
is removed by fl-nitrosonarhlhol. The filtered liquid is

ihen reprecipitated with boiling ammonia, and the nev/
precipitate, which consists of glucina, a little alumina and
silica, is washed, dried, and weighed and then treated with
a few drops of hydrofluoric and silicic acids to drive off

the silica. After evaporation the alumina is removed by
fusing the residue with three times its weight of sodium
carbonate, extracting the sodium aluminate with water,
and finally weighing the insoluble residue of glucina.

—

Comptis Rendiis, 1919, dxviii., 610.

Reagent for and Method of Determining Ozone. -

Louis B:noist.— .\s the phenomenon of fluorescence can
be detected optically with great accuracy the author sug-
gests a method of determining ozone based upon its

action on fluore.«cine. If some cubic centimetres of a very
dilute solution of fluorescine are introducefi into a flask

of slightly ozonised oxygen, after a few seconds the
fluorescence absolutely disappears and the reagent is

decolorised. If the solution is mote concentrated the
fluorescence disappejrs, but the colour of the reagent is

only reduced to pale yellow. Pure oxygen has no effect.

The traces of nitrous fumes contained in the air have no
effect upon this new reagent, but chlorine does decompose
fluorescine. On the other hand, its presence is very easily
delected by other means and the gas can then be elimi-

nated. The same applies to carbon diojiide, which
destroys fluorescence when concentrated. The reaction
appears to take place between two molecules of ozone and
one molecule of fluorescine, the ratio of the weights being

_98 _
332
mrthod would thus be one third o( the least weight of
fluorescine which would give an appreciable fluorescence.
.K Netnst or other lamp giving a very while light is

enclosed in a dark box having two contiguous openings' in

the lid, in which are two colourless glass tubes; one
contains the solution of fluorescine and the other control
tube contains distilled water only. The caustic by refrac-
tion is observed in each tube, the one containing
fluoiescine exhibiting a distinct fluorescence. This method
of determining ozone is very sensitive and possesses the
advantage of requiring only one solution. The product
of the reaction appears to be easily destroyed by heat, but
the original fluorescine is not reformed ; the addition of
ammonia does not cause the reappearance of the
fluorescence, and the final weight of the product after

drying Is only a very little less than that of tbe original

substance. The product without being explosive appears
to be in some way related to the ozonides.

—

Comples
Rendus, 1919, clxviii., 612.

NOTES AND QUERIES.

*,* Our Not«&and Queriascolumn wae opensd for th« purpose of giving
and ubuining informaiioD l>k«ly to hi of use to our leaJerg generally
We canaot undariAke to let this column bo the means of transniittine
merely private inforraHtion.or such trade notices as should lef itimiiel'.
come in the idvertisement columns.

Particulars aud references are desired of the Ogston method for the
ADalygis of citrate of lime.— (Reply to A. C.i
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A CONTRIBUTION TO THE CHEMISTRY OF
TELLURIUM SULPHIDE.*

By AARON M. HAGEMAN.
(CoDcIuded from p. 214).

The apparatus is shown in Fig. i. The five-litre bottles

B contained a supersaturated solution of sodium sulphide.

Hydrogen sulphide was generated in this bottle by slowly
dropping in i : i hydrochloric acid contained in the bottle

A by means of a syphon and stopcock. It was purified from
hydrochloric acid gas by passing through the sodium
sulphide wash bottles D and E. After passing through the

drying tower F, which contained calcium chloride, the gas
was reduced to 0° C. by passing through the coil con-
denser G, wh'ch was completely surrounded by a cooling
mi.\ture. After cooling to 0° C. it entered the reaction
chamber k, which consisted of a 500 cc. separatory tunnel

crucible als] was jacketed and surrounded by a freezing
mixture.

The advantages of this apparatus deserve mention. The
gas was thoroughly cooled to 0° C. before entering the
reaction chamber by passing through the long coil con-
Jenstr surrounded by ice and water. The rate of flow
•vas not great, owing to a fine jet between b and n, but
was uniform. The reaction chamber was at 0° C. by being
completely surrounded by the cooling mixture. After
extraction, the carbon disulpbide and that part of the pre-

cipitate that had actually been extracted could be drawn
away. There was always a small amount of precipitate

which remained in a fine suspension in the water above
the carbon disulpbide which was not extracted, but this

never reached the filter. Moreover, the difficulty of

filtering two immiscible liquids was overcome. The filter

being jacketed with the freezing mixture insured its tem-
perature to be at 0° C, so that at no stage during the

operation was the precipitate subjected to any tempera-
ture other than 0° C.
Using this apparatus, a final series of experiments was

carried out which served as a check on the results pre-

viously given. The details of procedure may be described

as follows :—A sample of tellurous acid, acidified with
hydrochloric acid representing approximately 0-2300 grm.
of tellurium, was placed in this api^'tratus along with

contained in an asbestos-coveted iron box with the stem
and stopcock protruding through the bottom of the box.

The box was completely filled with a cooling mixture for

one hour before and during use, thus insuring that all

parts of the reaction chamber with which the precipitate

might come in contact would be at 0° C. Precipitations

were carried out in the presence of 100 cc. of carbon
disulpbide, into which the precipitate was forced as formed
by a constant whirling motion of the box duiing the intro-

duction of hydrogen sulphide gas. After allowing the pre-

cipitate to stand in contact with the carbon disulpbide the

desired length of time, the carbon disulpbide and the

precipitate which had collected in it were drawn off

through the stopcock on a large Gooch filter. The Gooch

* Abstract of a part of a thesis submitted to the Graduate School
of the University of Wisconsin in partial fulfilment of the require-
ments for the degree of Doctor of Philosophy. From the Journal of
the American Chemical Society, xli , No. 3.

100 cc. of carbon disulpbide. Hydrogen sulphide was
passed in for three minutes. During this time the reaction

chamber was shaken to transfer the precipitate down into

the carbon disulpbide as formed. At the end of nine

minutes the carbon disulpbide and precipitate contained

in it were passed rapidly through a suction filter consisting

of a Gooch crucible fitted with a small disc of filter paper.

One minute was thus allowed for the filtration.

The suction of the precipitate was continued for ten

minutes to remove the last traces of carbon disulpbide.

The precipitate thus collected was removed from the paper,

placed in a P2O5 desiccator, and evacuated overnight. A
sample of the precipitate was then weighed carefully,

oxidised with fuming nitric acid in the cold, and the nitric

acid removed by careful evaporation at 80° C. The
residue was taken up in 10 per cent hydrochloric acid and
the exact tellurium content determined. A short table oi

results follows ;

—
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\V| ofTc Requir^dfor Required \Vt. of TeS SiiiTe-S
found. Grm. TeSa. Grm. TeS. Grm. ppi. Grm. ppt. Per cent.

0-1824 0-2740 0-2282 0'2582 3I"98
0*1650 0-2478 0-2063 0-2424 31-90
0-1168 0-1755 0I461 0-1708 31-62

These reeults appear to be in fair agreement with those

yielded by the previous method. Hence, since the weights

of tellurium and sulphur fjund far exceed the weights

required for TeS, the only conclusion at which one can
ariive is that TeS is not formed primarily by the action of

hydrogen sulphide on tetravalent tellurium. This is in

direct contrast to the results obtained by Snelling (jfoarn.

Am. Client. Sue, 1912, xxxiv., 802).

A Study 0; the Conditiom Necessary for the Existence

of TeSi.— It will be noted that all data thus far presented
have shown that TeS does not exist. Moreover, the

weights of tellurium and sulphur obtained have approxi-

mated the weights necessary for the compound TeSj.
Furthermore, the colour of the precipitate first produced
is invariably a red brown. At 25' C. the .-Juration of this

colour is shoit, a grey-black colour rapidly developing,

accompanied by the coagulation of the precipitate into

granules. At 0° C. the precipitate retains its red-brown
colour for a considerably longer period. In view of these

facts and remembering that ten minutes after precipitation

carbon disulphide removes a definite amount of sulphur,

its seems justifiable to assume that TeSi is first produced,
but the affinity between sulphur and tellurium being very

weak, dissociation takes place, and the chemical com-
pound separates partially into its elements.

Since the affinity between elements of this character is

usually increased at reduced ten peratures, a preliminary

experiment was carried out at about —40". A bath of

acetone was cooled to —40° C. by the addition of solid

carbon dioxide. In it was placed a large test tube con-

taining 50 cc. of carbon disulphide and 2u cc. of tellurium

chloride dissolved in concentrated hydrochloric acid. After

the contents of the tube had assumed the temperature of

the bath, hydrogen sulphide cooled to u^ was passed in.

The redbrown precipitate produced was forced into the

carbon disulphide as completely as possible. Alter

standing at this temperature for one hour, the precipitate

still remained a red brown and the carbon disulphide still

remained perfectly colourless, showing no indication of

dissolved sulphur. .\ second tube containing 50 cc. of

carbon disulphide was also cooled to —40^ C. To it was
added some previously prepared tellurium-sulphur pre-

cipitate which had been allowed to decompose at room
temperature. This carbon disulphide immediately as-

sumed a yellow colour, indicating the presence of dis-

solved sulphur.

.\lthough this experiment was only qualitative it indi-

cated that tellurium and sulphur form a stable compound
at this temperature, since it was shown that small amounts
of sulphur impart a distinct yellow colour to carbon
disulphide. If this be true, it was of interest to determine

the highest temperature at which this compound was still

stable.

For this purpose determinations were carried out at

— 10°, — 15°, and — 20'', respectively. In each case the

precipitate was gelatinous, thus differing from the precipi-

tates obtained at 0°. In each experiment, too, the

extraction with carbon disulphide lasted one hour instead

of ten minutes, as previously. During this time the pre-

cipitate remained a red-brown colour, showed little

tendency to coagulate, and was dissociated but slightly

at — 10° and — 15°. At — 20 complete stability apparently

existed. The following tables show this to be the

case.

It would appear, therefore, that — 20*^ is approximately
the highest temperature at which the two elements, tel-

lurium and sulphur, form a stable union.

The Action of Hydrogen Sulphide on Non aqueous Solu-

tions of certain Tellurium Compounds.—The preceding

work bas shown that a temperature of — 20°, or below, is

of Tellu.rium Sulphide. , ""If^'l ,^,7

Wc. of Te.
Ginj.

Required for Required for
TeSo. Grm. TeS. Grm.

Wt.ofTe.S
ppl. Grm.

1488
o-i 165

0-1450

— 10".

0223^ 0-1861

0-1750 0-1457
0-2178 0-1S14

0-2114

1O91

02074

01594
08S2

-I5^
02395 01995
0-1325 1 104

0-2368

01299

1406
1 102

1132

— 20^.

0-2106 0-1759
0-1652 01376

1701 01416

2103
0-1656

0-1709

essential for the existence of a stable compound of tel-

lurium and sulphur in aqueous solution. At higher tem-
peratures the compound undergoes gradual dissociation
into its elements. Although such a decomposition can
scarcely be regarded as hydrolysis, the influence of the
medium upon the formation and stability of this com-
pound is of interest.

Three salts of tellurium were found to have a compara-
tively wide range of solubility in non-aqueous solvents,
namely, tellurium tetrachloride, tellurium acid tartrate,
and tellurium acid citrate. Of these three, the tetra-
chloride showed the greatest range of solubility.

The method of testing the solubility of these com-
pounds in non-aqueous solvents consisted in adding to
about 25 cc. of the solvent approximately i grm. of the
finely divided tellurium compou id. The mixture was
thoroughly shaken and allowed to stand for at least one
hour, after which any reniiining solid was separated by
filtration. The solvent was carefully evaporated from the
filtrate, the residue tsken up in dilute hydrochloric acid,
and a test made for tellurium with hydrasine hydro-
chloride. In some cases hydrogen sulphide was passed in

dnectly, the appearance of a red colour proving to be a
good qualitative test for tellurium. Assuming that the
solubiiity might in some cases be attributed to small
amounts of moisture present in the solvent, when a liquid

was found to dissolve tellurium tetrachloride, the liquid
was subjected to careful dehydration by shaking with
KOH, P2O5, or to desiccation hy standing ever the.se

dehydrating agents until free from moisture. The nature
of the liquid determines the method employed. .\ tist of

thu solubiiity was then repeated in the absolutely
anhydrous reagent, thus insuring that water playtd no part.

Tellurium tetrachloride proved to be soluble in benzene,
toluene, methyl alcohol, absolute ethyl alcohol, normsl
butyl alcohol, amyl alcohol, benzylic alcohol, xylol,

chloroform, and ethyl acetate. In petroleum ether, kero-
sene, benzaldehyde, acetone, isopropyl bromide, and
carbon tetrachloride it was but sparingly soluble, while in

carbon disulphide it was completely insoluble. Tellurium
acid tartrate was found to be soluble in methyl alcohol,
normal propiolic alcohol, ether, acetone, pyridine, and
acetonyl acetone. It was sparingly soluble in aceto-
nitride, aldehydecyanhydrin, acetone cyanhydrin, aceto
acetic ester, iso butyric alcohol, ethyl alcohol, isopropyl
alcohol, fusel oil, acetic anhydiide, and benzylic alcohol.
The solubility of tellurium acid citrate may be expressed
as follows:—Soluble in butyl alcohol, ether, absolute
ethyl alcohol, ethyl alcohol, ethyl acetate, and amyl
acetate, and slightly soluble in aniline, benzaldehyde,
and acetone.
The combined solubilities of these three tellurium com-

pounds offered a large number of mediums in which tel-

lurium sulphide precipitations could be carried out. These
solutions consequently furnished data which would either

prove or disprove whether the medium in which the pre^

cipitation of tellurium sulphide is brought about is an
influencing factor.

Hydrogen sulphide was passed into each solution of the
tellurium compound in the organic liquid. At room tern
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Final Conclusions.

The results of this investigation have established the
following facts regarding the production and stability of a
sulphide ot tellurium :

—

1. The introduction of hydrogen sulphide into an
aqueous tetcavalent tellurium solution at room tempera-
tures or below causes the immediate production of a red-
brown precipitate represented by the formula TeS^. The
production of this compound is independent of the acid
concentration.

2. At temperatures below — 20^ C. tellurium sulphide is

a stable compound. At temperatures above —20° C, due
to the weak affinity existing between these elements, dis-
sociation takes place. At temperatures approximating—20° C. this dissociation is slow, while at higher tem-
peratures dissociation takes place more rapidly. The

peratures the procedure consisted in precipitating the
sulphide, washing it free from hydrogen sulphide with
portions of the solvent, dissolving the precipitate in aqua
regia, and making qualitative tests for tellurium and
sulphur. In many cases, as with acetone, direct addition
took place between the hydrogen sulphide and the solvent
with the production of extremely obnoxious odours. No
further work was carried on in such cases. In a large
number of cases, especially where the tellurium compound
in solution was the acid tartrate or acid citrate, colloidal
solutions were obtained. This was overcome by passing
in pure dry hydrogen chloride gas, which usually coagu-
lated the precipitate. When the hydrogen chloride gas
reacted with the solvent this procedure could not be used.
A red-brown precipitate at the moment of precipitation

was always produced, which appeared identical with the
one obtained in aqueous solutions. If allov/ed to stand
at room temperature the precipitate rapidly changed to
black, indicating dissociation. The precipitate always gave
distinct qualitative tests for tellurium and sulphur.
Smce the deportment ot the tellurium sulphide precipi-

tated in these solutions was so similar to its conduct in
aqueous solution, hydrogen sulphide gas at o' C. was
passed into each of these solutions after they had been
cooled too" C. As it was practically i.npassible to make
quantitative determinations of the amount of sulphur that
could be extracted at this temperature in a given time,
and since carbon disulphide is miscible with practically
all of these solvents, use was made of the rate of change
of colour from red to black. It was difficult at fir-t to
determine just when this change in colour had taken
place, as it is a gradual one, but practice soon showed
that the rate of change of colour of the precipitate in
these solutions very closely agreed with the rate of change
in colour in aqueous solutions.
A final part of the work consisted in reducing these

solutions to —20° C. and passing in hydrogen sulphide
which had also been reduced to a low temperature. The
red-brown precipitate then remained unchanged in appear-
ance for one hour, which was considered a sufficient
length of time to indicate that no dissociation was taking
place and that the precipitate was stable at that tempera-
ture. In some cases the solutions froze before this tem-
perature could be obtained, and in others so little of the
tellurium compound remained in solution at that tempera-
ture that comparatively few solvents could be used. The
solution of the tetrachloride in ether was very satisfactory.

All of the experiments made in non-aqueous solutions
have shown that tetravalent tellurium is precipitated by
hydrogen sulphide in these solutions exactly as in aqueous
solutions. There is a tendency for the precipitate to
separate in the colloidal form, but this may be prevented
by the presence of dry hydrogen ch'oride. If the concen-
tration of the tellurium solution is sufficient this condition
is not encountered. The precipitate undergoes dissocia-
tion into tellurium and sulphur at the same rate at o" C.
as in aqueous solution, while if the temperature is reduced
to —20° C. a stable compound TeSj exists between tel-

lurium and sulphur.

degree of dissociation at anyone time or temperature may
be determined by the amount of sulphur that can be ex-
tracted with carbon disulphide.

3. Dissociation never continues to completion. The
dissociated mass extracted with carbon disulphide always
retains at least 095 per cent of sulphur. This sulphur
does not exist as a sulphide of tellurium that is decom-
posed by hydrochloric or hydrobromic acid of any strength,
nor does it exist as a variety of sulphur that is insoluble
in carbon disulphide.

^. The compound TeS does not exist.

5. The production of the compound TeS^ is independent
of the medium in which it is carried out. The stability
of this compound is solely a question of temperature.

PHYSICAL CHEMISTRY AND ITS BEARING
ON THE CHEMICAL AND ALLIED INDUSTRIES.'

By Prof. I.\\;ES C. PHILIP, O.B.E., M.A., Ph.D.,

(Concluded from p. 208).

, D.Sc.

It appears from the figures quoted that if the first
portion of the change is left out of account practically
constant values for the velocity coefficient are obtained,
and it is a fair conclusion that the later portion of the
change conforms to the law of mass action. The linear
relationship between the time and the amount of change
is observed only when the amount of enzyme is relatively
small compared with the amount of carbohydrate. Certain
recent work indicates that with purified malt diastase the
abnormal period of the linear relationship is very short
indeed.

The combination of hydrogen and oxygen at th:: surface
of hot porcelain, and the action of diastase on starch,
have been discussed in detail in order to illustrate some of
the complications that arise in applying the mass action
formula: in cases of heterogeneous catalysis. Another
very serious obstacle in this matter is the extreme diffi-
culty, one might almost say the impossibility, of repro-
ducing the catalyst in any desired condition of activity.
In heterogeneous catalysis the scene of action lies in the
surface layers of the solid catalyst, and it is well known
in connection with technical catalysed reactions that the
activity of the surface depends, in a very high degree, on
the way in which the catalyst has been prepared and on
the treatment it has received.
As an illustration ofan illustration of the influence which the previous

history of the catalyst may exert on its activity, some
observations made by Bone and Wheeler on porcelain
surfaces may be quoted. These investigators found that
previous treatment of such a surface with hydrogen
stimulated quite notably its activity in connection with the
combustion of hydrogen and oxygen. Preliminary treat-
ment of the porcelain surface with oxygen appears, on the
other hand, to reduce its catalytic activity. These state-
ments are borne out by the figures in Table I.X. k, the
velocity coefficient, represents, as already explained, the
rate at which the hydrogen and oxygen combine to lorm
water. The porcelain surface was the same throughout,
and the experiments were performed in the order ahown.

Table IX.
k

Previous exposure to

—

Hydrogen for 24 hours 0-05 r5
Oxygen for 24 hours 00305
Hydrogen for 40 hours 0-0592
Oxygon for 4S hours o'0373
Hydrogen for 72 hours 00622

Normal value for k = o'0430.

' Cantor Lecture (II. I. Delivered before the Royal Society of A
December 9, igi3. From the I'lOcenUngso/ lite Royal Societyof
Ixvii., No. 3451,
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It is noteworthy that the btimulus impacted to the

potcelain euiface by preliminary hydrogen treatment

survived a prolonged exhaustion of the apparatus, but

gradually wore of) as successive charges of electrolytic gas

were circulated over the surface.

The significance of the previous history factor may be

emphasised also in relation to one of the most important

applications of catalysis on the technical scale, viz., the

bydrogenation of oils. The development of this modern

extensive technical developments, but work by others on
the same lines showed that if hot oleic acid, in the liquid

condition, is treated with a current of hydrogen in pre-

sence of a metal catalyst, such as finely-divided nickel,

the hydrogen is absorbed and complete conversion into

stearic acid is etTected, Further, this method is applicable

not only to the liquid unsaturated fatty acids, but also to

their glycerides ; i.e., the liquid fats such as olive, linseed,

and fish oils. As a result of this discovery the hardening

Oc.H, absorbed
*00r

Linseed Oil N.T. P. Curves

Ni from Hydroxide at 350° 5%

Effect of origin of N)

Jin iroxhie from
Sulphate

N

Hydroxide

13
'''"'^^

Fig. I.

(7c. //^ ribsorbcJ
joo.—

Whale Oil N0.2 N.T.P. Curves Effect of support to Ni
N| from Hydroxide at sso^c.

H2 purified

Fig 2.

industry is based on the classic investigations of Sabatier
and Senderens relating to the reduction of organic com-
pounds by hydrogen in presence of reduced nickel. Among
other points which these workers established it was shown
that the vapour of oleic acid, an unsaturated compound,
when treated wiib hydrogen in presence of nickel at
280—joo", was almost completely converted into the cor-
responding saturated compound, stearic acid.

This observation, however interesting in itself from the
purely scientific standpoint, would scarcely have led to

of animal and vegetable oils has developed into a big
industry, the hardened fats obtained by bydrogenation
being employed in the manufacture of soap, or, in some
cases, for edible purposes.
The very e.\istence of this big industry is bound up

with the successful preparation of catalyst metals, more
especially nickel, and experience has ibown that the
activity of this metal is a function of its previous history.

The nickel is in almost all casee obtained by ceductioo,
but it turns out that the catalytic efficiency depends on
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whether it is the oxide or the hydroxide which is reduced
;

it varies with the salt from which the oxide or hydroxide
is obtained, and with the temperature at which the reduc-
tion is effected. The influence of some of these factors is

made clear by the diagram shown (Fig. i, Hehner), from
which it appears that nickel prepared from the Oxide,
obtained in its turn by strongly heating the nitrate, is

almost without catalytic activity in the hydrogenation of
linseed oil. If the metal is prepared by reducing the
hydroxide, obtained from nickel sulphate, there is a
distinct improvement, but if hydroxide from nickel nitrate

is reduced a catalyst of great activity results. Again, if

nickel carbonate is ignited at 400—430°, and the resultine
oxide is then reduced with hydrogen at 40u'^, a product of

comparatively poor catalytic qualities is obtained \ if, how-
ever, the ignition and reduction are carried out at joo° the
resulting nickel is highly active.

All this may be regarded as very capricious behaviour
on the part of the nickel, but certainly furnishes strong
evidence as to the difficulty of reproducing a catalyst of a
given degree of activity. That, as already stated, is one
of the difficulties in the study of heterogeneous catalysis
on quantitative lines.

The degree of sub-division of the nickel catalyst is

naturally also an important factor. The hydrogenation
presumably takes place at the nickel-oil surface, and the in-

crease of surface which is involved in the progressive
mechanical subdivision of a given weight of material may
therefore be expected to lead to increased catalytic

activity. One common method of securing greater surface
extension of the nickel catalyst in the hydrogenation
process is to use a porous carrier, such as kieselguhr or

pumice. These materials may be impregnated with nickel
salt, followed by precipitation of the hydroxide and reduc-
tion at a suitable temperature. The eftect of such an in-

crease of the contact surface is illustrated by the two lower
curves in Fig. 2 (Hehner).

Other efforts to prepare a very finely-divided and there-

fore presumably highly active nickel catalyst have centred
round nickel carbonyl. Tnis compound, when mixed with
the oil and heated to about 200', decompases completely
and gives a fine suspension of the metal which is a very
effective catalyst. There is, however, another manner in

which nickel carbonyl may be used as the source of an
active nickel. This process (Lessing) consists in con-

tinuoiisly supplying nickel carbonyl along with the stream
of hydrogen which is charged into the hydrogenation
chamber. At the temperature which prevails there the
carbonyl is decomposed, and the nickel at the moment of

liberation presents a maximum surface development, and
accordingly a very high catalytic power. It is said that

excellent results are obtained even when the proportion of
nickel to oil is as low as r : 1000.

Like other catalysts the nickel employed in the hydro-
genation of oils is very sensitive to certain poisons, among
which chlorine and sulphur are prominent. The most
important question, however, which has emerged in this

connection is whether carbon monoxide is to be reckoned
as a " poison " for nickel, and whether, therefore, there is

any objection to the use in the hydrogenation proress of
a hydrogen obtained from water-gas. Opinion appears to

have differed on this point, but it now seems to be
established that carbon monoxide exerts a marked poisoning
effect on the hydrogenation of oils in presence of nickel.

This conclusion may be based, for example, on Maxted's
experiments in which separate charges of olive oil, each
containing i per cent of a stock nickel catalyst, were
agitated with pure hydrogen or a hydrogen contaminated
with a known proportion of carbon monoxide. The
volumes of hydrogen (in cubic cm.) absorbed by 10 grms.
of oil at 180° in the various cases are recorded in Table X.
An examination of these results shows that the first

traces of carbon monoxide have relatively the greatest

retarding effect on the velocity of hydrogenation.
The features of heterogeneous catalysis may be further

emphasised in connection with a technical process which

is of great and growing importance at the present moment,
viz., the oxidation of ammonia. This operation, although
it has been known on the commercial scale since about
IQ02, assumed peculiar significance during the war, for
obvious reasons, and it is stated that in Germany as much
as 100,000 tons of nitric acid have been produced in this

way annually by one process alone.

Table X
Carbo 3 monoxide {per cent).

minutes. hydrogen. 0-25'. o'5'. ro". 20'.

5 86 72 67 58 28
10 143 122 lit 93 57
15 194 159 142 116 76
20 248 193 168 136 91
30 348 252 213 164 114
50 515 352 2»I 215 146

The importancs of securing other supplies of nitrates
than Chili saltpetre has been recognised in this country,
and steps have been taken to put the oxidation of ammonia
on a sound technical basis. The fj Ited States Govern-
ment, on its part, has allocated a sum of no less than
£20,000,000 to the erection of factories for the production
of nitric acid by the oxidation of ammonia,
The conversion of ammonia into nitric acid is effected,

as a rule, with a platinum catalyst in the form of gauze or
net, through which the mixture of ammonia and air Is

forced. Quite a good yield is obtained without continuously
heating tde gauze, but provision may be made for passing
an electric current across the gauze, sufficient to main-
tain it at a dull red heat, say, 600 -700°. The reaction is

represented by the equation 4NH5-t-502 = 4NO-f 6H2O,
and is accompanied by a considerable evolution of
heat.

One of the most remarkable features about this catalytic
combustion of ammonia is the very high yield obtained
even when the passage of the gases is extremely rapid.
Thus, with a mixture of i volume of ammonia and 75
volumes of air flowing over a 6 in. x 4 in. gauze at the
rate of 20 cubic feet per minute, over go per cent con-
version can be obtained. That such a brief period of
contact of the reacting gases with the catalyst of the order
of o'oi—o'ooi second, should be suffi;lent for the occur-
rence of the change is indeed very striking.

It has been stated in connection with a description of
the converters designed in this country during the war that
an ontput of I's tons of pure nitric acid per square foot of
catalyst area per twenty-four hours, with an efficiency of

95 per cent, has been regularly achieved. Hence it has
been calculated the output of nitric acid per grm. of
platinum is no less than 15 kilogrms. in the twenty-four
hours. This is a remarkable illustration *of the first

characteristic of a catalyst to which reference has already
been made in this lecture, viz., that the amount of the
catalyst may be extremely small compared with the
quantities of the reacting substances transformed under its

influence.

In relation to efficiency, the character and condition of
the surface of the platinum catalyst is all-important.
Platinum-black and sponge are both too active, and pro-
mote an oxidation of the ammonia in another direction,
viz., to nitrogen and steam. Massive platinum, on the
other hand, with a bright surface, is almost without
catalytic activity, and something between this and black
or sponge furnishes the most effective surface for the
oxidation to nitric oxide.

New gauzes are not very efTective.oatalytically, but ate
"activated" by passing an ammonia-air mixture at a
bright red heat. The bright surface of the platinum
becomes dulled in this process, and the catalytic activity

Increases.

It is, in view of what is generally known, not surprising
that the platinum catalyst Is very sensitive to certain

foreign substances. The ammonia gas must be freed from
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possible contaminations as phosphine, silicon hydride,

hydrogen sulphide, and acetylene, each of which would

"poifOi" the contact substance. It is lound necessary

also to hltcr the gases very thotoughly, since dust,

especially i( it catri:s with it panicles ol iron oxide, has a

notably deleteiious tffect on the platinum. For this

reason it is iound advisable to avoid contact of the filtered

gases with iron p pes, from which traces of oxide might be

detached and carried along wiih the gas current; the

converter and the piping which leads to it are therefore

suitably constructed of aluminium. Provided that

"poisons" are excluded by the precautions just indicated,

the " life " of the catalyst is fairly prolonged ; it is said that

even when the oxidation process is carried on uninter-

ruptedly that platinum gauze remains effective for several

months.
The brief review which has been given of some

ptominent cases of industrial catalysis would lead up

naturally to a discussion of the modiii ot>erandi of the

catalyst, but th's is somewhat outside the scope of the

present Itciutef. Suffice it to say that, according to one

view, the acceleration of a chemical change due to the

catalyst is brought about by the r^p dly altern3.ting forma-

tion and decomposition ol an intermediate compound ot

compounds of which the caial>si forms a part. Thus, for

example, the effect ol spongy platinum in promoting the

combination of a mixture of hydrogen and oxygen is

attiibu'.el to the piimaty formation of an o.\ide of platinum,

which in its turn is reduced by the hydrogen, yielding

water and the original metal. S milaily, the reduction ot

the unsaturated organic compaunds by hydrogen in the

presence of a nickel catalyst is supposed by some to be

effected by the preliminary formation of nickel

hydride.

Such a chemical view of the mechanism of catalysis can

be defended only if the rate of formation and decomposi-

tion of the intermediate compound is greater than that of

the uncatalysed reaction. In many cases, too, the parti-

cipation of the catalyst in some intermediate reaction

is, to say the least, highly improbable, and in such

instances it seems that the catalyst performs some purely

physical function. Reference has been made to the

catalytic combination of hydrogen and oxygen at hot

surfaces, and in this connection it is exceedingly difficult

to believe that porcelain acts as a catalyst by undergoing

alternate reduction and oxidation. Rither does the surface

of the solid in such heterogeneous catalyses appear to

provide for some condensation or concentration of the re-

acting gaseous or liquid substances, the actual chem.ical

change taking place then with high rapidity. Although

this view does not presuppose any chemical intervention

of the catalyst it does not exclude the possibility that the

phyiicdl condition of the surface may be altered by the

reaction. Indeed, there is evidence in various cases that

this actually occurs. When, for eximple, ammonia is

passed over metals at high temperatures and so decom
posed, the physical properties of the metals undergo

notable alteration, even although no nitrogen has been

permanently fixed. Again, the reader may be reminded

of the ONidation of ammo.nia at a hot platinum gauze, in

which connection it has already been pointed out that

during " activation " the appearance of the platinum sur-

face undergoes a distinct change, passing from a bright

condition to a dull one.

Altogether, there is no single theory which can interpret

every case of catalysis, and it is certain that in seeking an

explanation for the mode of action of the catalyst, both

physical and chemical factors must be taken into

account.

THE COLOUR OF WATER.*

By WILDER D. BANCROFT, Ph.D.,
Professor of Physical Chemistry, Coroell University.

(Continued from p. 212).

Messrs. Krishnaswamier and Bros., of S63, East

Market, Madura (S. India), Importers of Coal-tar Uyes

and Chemicals, with a view to increasing business invite

manufacturers to send them samples and prices of Coal-

tar Dyes. CDcinicals, and intermediate products.

" Bt'.NSEN was the first to deny that water was colourless.

Struck by the greenish blue tint of ihe hot water of the

Icelandic geysers, he poured pure water into a glass tube

two metres long and blackened on the inside. He was
able to detect a faint blue under these circumstances and
concluded that water is actually blue. The other colours

besides blue must then be due to foreign substances or to

the reflection of light from a coloured background. Bunsen
did not go into details as to the way in which the colour

changes would occur. Some twenty years later, Tyndall

put forward the view that the blue colour of the sky is due

to the scattering of light from numberless colourless

particles suspended in the air. This suggested to Soret

{Ann. Chim. Phys., 1S69, (4), xvii., 517) that the blue

colour of the Lake of Geneva might he due to similar

causes, and he found that the water sends out light

polarised perpendicularly to the refracted rays of the sun.

The analogy bttiveen the experiments of Tyndall and of

Soret is so close that one may claim the existence in the

water of transparent particles which may be the cause of

the colour. Hagenbach repeated these experiments at the

Like of Lucerne, getting similar results {Ann. Chiat.

I'hys., 1870 [4], XX., 225). The following year, Tyndall

himself examined water from the Mediterranean and from
the Lake of Geneva, sent to him in London {Naturfor-

scher, 1S71, iv., i). When a beam of light was passed

through them, it became blue and the blue light was
polarised. These waters are therefore not optically empty.
These experiments seem to show conclusively that the

water itself is colourless, contrary to the opinion of

Bunsen ; but this is not necessarily true. Soret himself

points out that on cloudy days there was not a trace cf

polarisation and yet the lake was blue. This is sufficient

to prove that reflection is not the sole cause of the colour

of the water. Further, if the blue of the water were due
to exactly the same cause as the blue ot the sky, the light

transmitted by the water should be a crimson red at least

as intense as that which lights up the tops ol the high

mountains or the thin clouds through which pass the rays

of the rising and setting sun. This is not the case, how-
ever, as Tyndall himself points out. Also Father Secchi

has determined the absorption spectrum of sea-water and
finds that the ted and yellow are lacking {N.alurforscher,

1868, i., 149). It is also well known to people who have
been down in a diving bell ot who have visited the Swiss
grottoes cut in the ice of the Rhone or the Grindelwald
glacier that the light is bluish. There is so little ted that

faces appear livid.

" In 1848, H. St. Claire Deville analysed a large number
of natural waters {Ann. Cliim. Phys. [3], 1848, xxiii., 32).

and he observed that the blue waters of the Swiss and
the Jura lakes, when evaporated, leave residues which
are only slightly coloured, while the green waters of the

Doubs and the Rhine contain a considerable amount
of organic matter, so that the soluble salts were
coloured distinctly yellow when the water was evaporated.

From this it appears that the green waters and still more
the yellow or brown ones may owe their colour to the

presence of a small amount of yellow mud. It pure water
is really blue, a small amount of yellow colouring would
be sufficient to change the colour to green or even to

yellow. This same idea crops up again in a much later

paper on the colour of water by Wittstein {Vierteljahrei-

ichriji fur praktisht Pharmacie, 1S61, x., 342). This
chemist analysed the waters of many of the broolis, rivers,

<nd lakes of Bavaria, and thought that he had proved that

the brown or yellow waters contain more organic matter

and are less hard than the green waters. He explains the

» From the Jo:'.ifuil 0/ tfit Franhlin InsUtuU clxxxvii., No. 3.
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diHerent shades of natural waters by assuming, with

Bunsen, that pure water has a blue colour, that the mineral

substances dissolved in the water have no effect on the

colour, and that the different colours are due cbieffy to

dissolved organic matter. These organic substances ate

brown in colour and ate essentially humic acids. They
are kept in solution by the presence in the water of a

sufficient amount of alkali salts. On this hypothesis a

water containing very little organic matter would be practi-

cally blue, while the blue colour would change continuously

to green, yellow, brown, and black as the amount of

organic matter incteased.

"It is worth while to examine this hypothesis. At first

sight it seems an excellent one because it tests apparently

on definite facts ; but it is easy|to show that the hypothesis

does not follow necessarily from the analytical data. It is

therefore without any firm foundation and does not solve

the question. I shall not stop to discuss the question

whether the organic matter is brown when it is in solution

or whether it becomes brown and even black during the

evaporation. In view of the description of the evaporation

given by Wittstein, it seems probable that the deep colout

is due to the action of heat. Such a discussion would be

a waste of time. Let us tathet consider the analytical

data as shown in fables II. and III.

(" During the evaporation innumerable brown flocks form

and become even darker. It heat changes the solubility

of the organic matter, it may also affect the colour).

Table II.

—

Brown waters (p.p.m.).

Organic Matter. KOH and NaOH. Ratio.

Uy 37'8 loi 374
Regensee .. .. 21-4 I5'4 i'39

Rachelsee .. .. 43-3 18-4 2-35

Ohe 111-4 '^-S 90
Steckenbach .. .. 55-0 9'5 3'6b

Hohenbrunnfilz .. 59-7 7'8 6-50

Table III.—Bluish-green waters (p.p.m.).

Organic Matter. KOH and NaOH. Ratio.

Isdar 39-6 9'8 4-04

,
Brunntbalet Spring 65-6 47 :3-97

" These figures show that the colout of the waters stands

in no direct relation, either to the amount of organic

matter or to the alkali concentration. The green Isaat

contains more organic matter than four of the brown
watets and also more alkali than two of them. The
waters from the Brunntbalet spring show similar relations.

It is also worth noticing that Wittstein gives no analysis

of a really blue water, and consequently there is no real

basis for a comparison. He also makes the general rule that

greenish-blue waters are hard because of the small amounts
of alkali which they contain while the yellow or brown
watets are soft, and then be admits that the rule holds

only for running water, because the watets of the Lake of

Stainberg are extraordinarily soft although green. I add
that the blue waters of the Rhone, where the river flows

out of the Lake of Geneva, are also soft, as is shown by

the large number of laundties along the fiver. It is

evident that the colout is not diffetent for tunning and for

stationary waters. Wittstein's hypothesis therefore seems
insufficient. It may be true, however, for some very

deeply-coloured waters, because if these really hold a

coloured material in solution or in suspension their colour

ought to be dark.

Schleinitz attributes the change in the colour of sea-

jwatet to the greater or lesser amount of dissolved salts

(Naturforscher, 1875, viii.,59). He noticed sudden changes

in the colour of the sea when he was crossing from Ascen-

sion towards the Congo on board the Gazelle, in 1S75.

On August 23, 5° south latitude and g°west longitude, the

sea changed from blue to greenish. On the twenty-fifth it

was bluish and on the twenty-sixth, in 5-5° south latitude

and 5'5° v/est longitude, the sea became again deep green,

changing to a ditty gteen and then to a brown as the ship

approached the Congo. Later, on the voyage from the
Congo to the Cape, the sea became green, then bluish-

green, and finally bright blue. Each 'ime that the sea
became greenish Schleinitz found that its speeific gravity
decreased while there was an increase when the sea
became blue again. From this he concluded that the
bluest water contained the most salt and that the salt was
the cause of the colour. Although this observation led to

a false conclusion, it confirms some of the results which
I have found, and I shall come back to it again.

" It is worth noting that in the waters of the Lake of
Neufchatel, and also in the ice from the lake, J. Btun
found an alga which is green, orange, red, or brown,
depending on the different phases of its development, and
tutns black aftet death (yahresbericht iiber Cliemie, 1880,

1512). Its presence might well affect the colour of the
water."

In otder to detetmine the colour of pure water Spring
took two tubes five metres long and about four centimetres
inside diameter, coated with black on the outside. When
distilled water from the laboratory supply was put into the
tubes, the colour was a light green, very like that of a
dilute ferrous sulphate solution. Some 'ays later the tubes
were filled with freshly-distilled water and the colour was
a fairly pure sky blue. After standing about seventy hours
in the tubes this water was as green as the first, without
having lost any of its clearness. This preliminary experi-
ment shows that the distilled water of the laboratory is far

from being pure, and contains substances which undergo
changes, in that a blue water becomes green slowly.
These foreign substances may be inorganic or organic ; it

is not impossible that they are living organisms. The fol-

lowing experiment is evidence in favour of this. " The two
tube were filled with distilled water, but one ten thousandth
of mercuric chloride was added to one tube. At first both
tubes were blue and there was no perceptible difference
between them. After six days the water in one tube had
become green, while the water containing the mercuric
chloride had not changed in colour, and even after three
weeks the blue colour was the same. Mercuric chloride
was then added to the gteen tube and after three days a
distinct change towards blue was noticeable. At the end
of nine days no further change took place, and the water
was distinctly bluish-green ; but it never returned to a pure
blue. Since mercuric chloride is one of the most toxic
substances known, especially for minute organisriis, there
is certainly reason to believe that living organisms are to be
found in the distilled water of the laboratory, and that the
water also contains the food necessary for the development
of these organisms. ...

" Stas has shown that rain water or spring water, if dis-

tilled twice, gives a liquid which volatilises without
leaving any residue if evaporated at once in a platinum
vessel (Bull. Acad. Roy. Belg., i860, [2], x.). If this

same distilled water is kept several days and then evapo-
rated, it leaves a noticeable brownish-yellow residue,
which burns completely at red heat in the air. Stas con-
cluded that distilled water contains volatile organic matter
which becomes non-volatile spontaneously in the course
of a few days. This conclusion fits in well with my
observations. So long as the distilled water contains
the dissolved organic mattet in a volatile state, the water
is blue by transmitted light, but it becomes mote and more
green as the dissolved matter becomes changed by the
action of organisms and ceases to be volatile. A similar
fact has also been observed by P. Glan in his studies on
the absorption of light (Pogg. Ann., 1870, cxii., 66). He
calls attention to the difficulties due to the presence of
foreign matter which it is almost impossible to remove.
He notes that after distilled water has stood several days
in a closed vessel, it lets less light through and appears as
though turbid.

"These preliminary experiments show that the distilled

water of the laboratory is absolutely unfit for experiments
like these, for it changes on standing. Stas has pointed
out a method for obtaining pure distilled water (Mem.
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Acad. Roy. Belg., 1865, xxxv., iiu). It consists in distil-

ling epiing water with a mixture of manganate and per-

manganate ol potasb, taking caie to condense tbe vapour
in platinum cooler. Water prepared by tbis metbod
contains no trace of nonvolatile organic matter either

when first distilled or later. I have made use of this method,
taking all sorts of precautions. Ordinary water was tirst

boiled with alkaline permanganate for four hours in a glass

ve:>sel. It was then distilled twice >n an apparatus made
entirely of platinum, and was collected in a closed silver

flask out of contact with tbe air. In order to clean tbe

apparitos, three litres of water were distilled and thrown
away. Then the first fifth of the final amount of water

distilled was used to wash the surface of tbe silver flask.

t have satisfied myself that water thus prepared is volatile

without residue. To show tbis I have polished tbe inside

of a platinum crucible with precipitated and dried silica so

IS to get a brilliant surface on which tbe least trace of

residue would show. When the water was evaporated in

this closed crucible, no visible deposit could be detected

on the mirror surface, and I believe that one cannot say

that such water contains any non-volatile material.

"When this pure water was poured into the tubes it is

bard to describe the purity of the blue colour which was
seen. Tbe only thing that could be compared to it is the

most beautful blue of the sky on a clear day at the top of

a high mountain when one is far above tbe mists rising

from tbe ground. When the tubes were allowed to stand

for two weeks, no change in the purity of the blue could

be delected. Tbe permanence uf colour is perhaps a proof

of tbe extreme purity of tbe water. I have treated tbis

water by tbe Tyndall metbod, focussing a magnesium
flame on one point of the tube by means of a concave
mirror. Unless my imperfect apparatus has led me into

error, tbe luminous cone was scarcely visible in tbe liquid.

It was difficult for me to say whether its path could be

detected or not. Whatever one may think on tbis point,

it seems certain that tbe purest water which one can pre-

pare is a wonderful blue if one looks through a suHiciently

thick layer. Is tbis colour peculiar to the water or is it

due to a reflection of tbe incident light as is tbe case with

the blue of tbe sky ? I think that everybody will reject any
hypothesis as to tbe colour being fortuitous. Under tbe

conditions as arranged, one looked through the water

along tbe axis of tbe tubes in tbe direction of the illumi-

nating ray. If the blue were due to the reflection of light

from otherwise invisible particles, tbe maximum intensity

of the blue colour sboulil be found in a direction perpen-

dicular to tbe luminous ray, which is just tbe opposite to

wbat occurs actually. Further, on this assumption the

transmitted light ought to be red or mixed with red, which
is not the case, tbe purity of tbe blue provmg tbe absence

of red. In addition I have made another experiment
which seems to me conclusive. If the blue colour of water

is not characteristic of tbis substance and if il is due to tbe

presence of foreign matter coming from the air, it follows

that any liquid would be blue like the water if treated in

the same way. In other words, there could be no colour-

less liquid. I have distilled live litres of amyl alcohol for

several weeks in a glass ves!:el and exposed to the air of

the laboratory. In spite of tbis careless treatment, and in

spite of tbe fact that tbe liquid had taken up a good deal

of dOBt, there was no sign of colour in tbe tube when tbe

layer wte five metres in thickness. Lack of material

prevented an examination of a layer ten metres in thick-

ness.
" At first I tried crystallised acetic acid and absolute

ethyl alcohol, but these substances were yellow when
examined in a five-metre layer. This yellow colour dis-

appeared (gradually ai the layer was made thinner without

showing either green or blue. I am not certain, however,
that these eubstinces are really yellow, because acetic acid

and ethyl alcohol are apt to contain empyreumatic sub-

stances which are very difficult to remove. It seems
certain from these axperiments that the purest water one
can prepare is not coloorkss bat has a blue colour due to

an absorption in tbe yellow and not to a reflection of the
in:ident tight.

" VVe can now discuss the causes of the different colours
of natural waters. iSince analysis has not shown in any
definite way tbe presence of green, yellow, or brown
matter in tbe green waters, and since Wittstein himself
admitted tbe absence of any yellow mud in the green
water of the Lake of Htatnberg, a diUerent line of attack
must be chosen. I'lve litres of pure, blue water were
treated with a few gims. of a lime containing no iron and
obtained by calcining Carrara marble. Tbis lime water
was quite clear after standing for five days. A solution
of carbon dioxide in water was added until a precipitate

was just barely visible. When placed in the tubes the
water was then absolutely opaque. It would not have
been aoy different if ink bad been poured into tbe tube
instead of this calcareous wat^r. The water was taken
out of the tube, diluted with pure water, and treated with
carbon dioxide to precipitate the calcium carbonate and
then to redissolve it as bicarbonate. Every now and then
tbe current of carbonic acid gas was cut ofl and tbe water
was examined in tbe tubes. Toe original opacity dis-

appeared slowly, and tbe light which came through was
first brown, then pale brown, yellow, green, and finally

the liquid became blue again though with a touch of green
after the carbonic acid bad been run in for eighteen hours.
With tbe combined action of carbon dio-\ide and calcium
carbonate it is thus possible to reproduce all tbe colours of

natural waters from complete opacity to a greenish-blue.
"As a further confirmation I have prepared a saturated

solution of calcium carbonate and carbon dio.xide in pure
water, which was green when viewed through a five-

metre layer. I then placed tbis in a vacuum tube to draw
off some of tbe carbon dioxide and to cause a dissociation
of tbe bicarbonate, after which tbe liquid was examined in

the tube. Each time tbis was done the colour became
more yellow. The green disappeared soon and finally the
tube became opaque. A drop of hydrochloric acid brought
back the greenish-blue colour. Similar results were
obtained with barium hydroxide and carbon dioxide. With
excess of tbe latter tbe water became brown, yellow, green,
and bluisb-green. Using hydrochloric or nitric acid instead
of carbon dioxide the colour changes are Obtained more
rapidly. A solution of sodium silicate containing a little

free silicic acid was opaque in a five metre layer and
brownish-yellow when a metre in thickness. When a

concentrated solution of caustic soda was added to dis-

solve tbe free silicic acid, tbe yellcw colour disappeared.
Pore water holding in suspension a little amorphous silver

chloride is opaque or yellow, depending on the thickness
of the layer. Ammonia dissolves the precipitate and
removes the opacity or the yellow colour.

" These experiments warrant the drawing of several

conclusions. A luminous beam of given intensity will not
pass through a sufficiently thick layer of a liquid holding
enough particles in suspension even though these are
transparent or colourless. \ tube containing suspended
calcium carbonate, barium carbonate, silica, or silver

chloride may be opaque to diffused daylight and yet let

through light from the sun or from burning magnesium.
The physical state of the suspended particles does not aflect

the phenomenon. If one pours water into ethyl alcohol
containing a little dissolved amyl alcohol, a persistent tur-

bidity is caused, due to the minute drops of amyl alcohol
which do not dissolve in tbe water. By varying the

amounts of ethyl alcohol and water (or a given amount of

amyl alcohol, one can change the degree of turbidity and
make it as small as one pleases. It is evident that eaeh
drop of amyl alcohol is liquid and transparent, and yet

such a turbid liquid is opaque for a definite thickness of

layer and intensity of light . it is yellow if tbe light is

more intense and colou.Iess under a very powerful light.

Similar changes take place if tbe intensity of tbe light is

kept constant and the thickness of the layer decreases.

Tbe reason for this is gasy to see. When a ray of white
light passes through a medium wUich holds in suspension
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an infinitiT of reflectors, each simple wave forming the

white light is reflected independently of the others. If

there is not total reflection the intensity of each wave will

decrease with increasing thickness of the layer. Since the

different colours constituting white light have not the same

luminous intensity, the weakest will disappear first and the

colour at the ends of the spectrum, the red and the violet,

will be eliminated early, while the yellow, which is the

most intense to our eyes, will outlast the others though

weakened itself. One could probably explain the pheno-

menon in another way and say that when white light

passes through an absorbing medium the yellow is the last

to disappear.
" I will add that it is not necessary to have a liquid

holding reflecting particles in suspension. A similar

phenomenon occurs in the air. Everybody has noticed

that the shadow projected by smoke or by condensing

vapour on a white background is not merely grey ;
it

always has a yellow-brown colour to which one gives the

name of yellow smoke or brown smoke. A liquid holding

a colourless substance in suspension appears white solely

because of the reflected light. Milky lime water, though

very white, is as opaque as ink, and the white colour shows

merely that the light which illuminates it does not pass

through it.

(To be coDttaued).
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ORDERS OF THE MINISTRY OF MUNITIONS.

Seeds, Oils, and Fats.

With reference to the Seeds, Oils, and Fats Orders dated

May I, 1917, May 9, 1917, and June 19, 1917, the

Minister of Munitions hereby orders as follows ;
—

r. The operation of the said Orders is hereby suspended

as on and from April 30, igig, until fuither notice.

2. Such suspension shall not affect the previous opera-

tion of the said Orders or the validity of any action taken

thereunder, or the liability to any penalty or punishment

in respect of any contravention or failure to comply with

the said Orders prior to such suspension, or any proceeding

or remedy in respect of such penalty or punishment.

3. This Order may be cited as the Seeds, Oils, and Fats

(Suspension) Order, 1919.

Petrol and Petroleum Spirits. By Wilfred E. Gutten-
TAG, Capt.R.A.F., A.R.S.M., D.I.C., Assoc.Inst.M.M.,
A.M. Inst. P.T. With a Preface by Prof. Sir Joh.n

Cadman, K.C.M.G., D.Sc, M.Inst.C.E. London:
Edward Arnold. 1918. Pp. j;i + i35. Price los. 6d.

Users of petrol, such as aeronautical and automobile

engineers, have hitherto had some difficulty in getting

definite information as to the actual nature and properties

of the substance without having recourse to the standard

treatises on petroleum, which, being written for the

technologist, naturally treat the subject from a highly

technical point of view and are more comprehensive and
full of detail than is probably requited. This book exactly

meets the need for a comparatively simple and untechnical

account of petrol, and even students of petroleum techno-

logy may find that it is useful to them as an introduction

to the study of larger works. A short account is given of

the properties, origin, and refining of petroleum, and the

rectification and refining of petrol are treated in greater

detail, while methods of performing routine tests and de-

termining the most important properties of petrol are fully

described. Special attention is paid .0 the discussion of

the particular properties which are necessary for various

purposes, and the notes and comments on this subject are

very valuable. A useful chapter gives some account of

the applications of petrol as illuminant, solvent, fuel,

atlcssthetic, &c., and a bibliography gives the titles of

some of the most important English and American books

on petroleum and liquid and gaseous fuels.

NOTICES OF BOOKS.

Hindu Achievements in Exact Hcience. By Benov
Kumar Sarkar. London, New York, Bombay,
Calcutta, and Madras: Longmans, Green, and Co.

Pp. xiii-f 82. Price i.oo dol. net.

This book has been written with the object of providing

chronological links between the scientific investigations of

the Hindus and those of the Greeks, Chinese, and

Saracens, and giving an outlined comparative account of

the scientific work oJ ancient and medieval India. The
author believes that the pure mathematics of the Hindus,

for example, were in advance of those of the Greeks, and

that even some of the European discoveries of the

sixteenth, seventeenth, and eighteenth centuries were
anticipated by them, while the Hindu inquiries into natural

science were not less exact and fruitful than those of the

Greeks and medieval Europeans. In support of these

contentions be gives in separate chapters short summaries
of the chief discoveries of the Hindus, pointing out every

case in which they anticipated the workers of other

nations. The subjects of the chapteiB include the various

branches of mathematics, astronomy, physics, chemistry,

medicine, surgery, anatomy and physiology, natural

history, &C., and it is pointed out that India possesses an
extensive scientific literature, which is not more con-

taminated by superstitition than European literature of

be same epochs.

BOOKS RECEIVED.
Inorganic Chemistry. By James Walker, LL.D.,

F.R.S. Pp. viii4-236. London : Bell and Sons,
Ltd. 1919. Frice 5E. net.

T.N.T. By G. Carlton Smith. London: Constable
and Co. 1918. Pp. vii-1-133. Price Ss. 6d. net.

Greece before the Conference. By PoLYBIus. With a

PrefacebyT. P. O'Connor, M.P. London: Melhnen
and Co. 1919. Pp. xxvi-f 120. Price 3s. net.

AHnuj.1 Reports of the Society of Chemical Industry. Vol.

III. 1918, Pp. 408 Issued by the Society of

Chemical Industry.

CORRESPONDENCE.

COAL CONSERVATION.

To the Editor of the Chemical News.

Sir,—May I call attention to the important statistics re-

cently laid before the Royal Society of Arts by Sir Oogald
Clerk in bis paper on "The Distribution of Heat, Light,

and Power by Electricity and Gas," and urge that they be
taken into careful consideration by the Government before

any steps are taken to foster the use of electrical energy

as a heating agent.

It is admitted that the provision of an ample and cheap
supply of electrical energy for light and power is of great

importance to our industries ; and in regard to the waite

of heat in the coal used for the generation of electricity

for those purposes, it does not compare unfavourably with

the manufacture of light and power at gas works. Tb«
consomet's choice of electricity or gae can here depend
solely on cost and suitability.

But the figures given by Sir Dugald Clerk (confirming,

as they do, those of Prof. J. W. Cobb in the Edinburgh
Review for January last) make it cleat that a most de-

plorable and avoidable waste of coal is entailed in the Die

of electricity as a source of beat. By the use of gai this

waste can be avoided, and at the same time the smoke
nuisance in our towns and the drudgery in our homes
(educed to a minimum.
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Broadly it has been shown that to give equal heating

or cooking setvice to the consumer the use o( electrical

energy as generated today entails the destruction of lour

tons of coal as against one ton at the gas works; and

that even if the suggested "super " stations realised the

most optimistic hopes of their advocates in regard to coal

consumption the comparison would be as 3 to i in favour

of gas.

Moreover, the use of coal for the raising of steam at

electric generating stations means the absolute destruction

of all the valuable chemicals recoverable at gas works as

by-products, which have so largely contributed to our

success in the War, and are vitally important to our in-

dustrial and scientific supremacy.

These facts and figures cannot be ignored. They show

that the community must depend, in the future as in the

past, on both the eas and the electrical industries of the

country to play their respective parts in our industrial and

domestic economy. Any idea of "doing everything by

electricity" cannot be seriously entertained by practical

men and women.
I could add much as to the practical drawbacks that

would attend the proposed concentration of production in

a few " super " stations, some of which were pointed out

by the Chairman of the City of London Electric Lighting

Company the other day ; but my immediate object is to

call attention to the gross waste of our national coal

resources that would be entailed in the use of electricity

as a fuel.— 1 am, &c.,
D. Milne Watson,

President of the National Gas Council.

39, Victoria Street, London, S.W. i.

April 26, 1919.

EMPLOYMENT OF OFFICERS.

CAMBRIDGE UNIVERSITY APPOINTMENTS
BOARD.

To ths Editor of the Chemical Nen's.

Sir,—In the six or seven years before the War the Cam-

bridge University Appointments Board had been success-

ful in finding places for a considerable number of young

Cambridge graduates in industrial and cstnmercial organi-

sations, as well as in professional work. Some of th^se

men were trained in the science, engineering, or agricul-

tural schools ; others obtained their places as the result

of general ability, apart from any technical training. The

object of the Board is to recommend to employers young

Cambridge men who are known to us as being poiisessed

of character and ability, and to combine a high standard

of selection and a relatively wide field of choice with some-

thing like or more than the weight of a private recom-

mendation.
Now that the University is beginning to assume its

normal aspect, may I be permitted to remind our friends

that we are again able to make recommendations, and to

express the hope that many employers as yet unknown to

us may be added to the list.

We are faced at the present moment with the problem

of placing in employment many young officers who had

just completed their University career in 1914, or broke it

off in order to fight. It is these, the volunteers of 1914

and 1915, who we are just now especially anxious to place.

Some are of exceptional ability. Many, but for the War,

would have found their way quite normally to industrial

and commercial openings, and by now have made reason-

able positions for themselves. They have now to start a

yeai a year or two oldei, but often with greatly developed

powers, and sometimes with expetience which will be of

direct use in their future careers. We are in touch also

with a certain number of officers rather older than those

mentioned above, who had already obtained some expe-

rience when the War broke out, but have now to start

afresh.

We should be very glad to heat from employers who

will trust us with making recommendations for industrial,

commercial, or professional vacancies. Communications
from employers are strictly confidential, and information
is given to individual candidates only on the employer's
instruction. Letters should be addressed to the Sectetaty,
Utiivenily Appointments Board, University Offices, Cam-
bridge.— 1 am, &c.,

H. A. Roberts, Secretary,

Cambridge University .Vppointments Board.
Cambridge, May 1, igig.

THE IMPERIAL WAR RELIEF FUUD.

To the Editor of Ihi Chemical News,

Sir, -The claims arising out of the War which are least

adequately met are those relating to the widows and
orphans of our Sailors and Soldiers. The allowances to

widowed mothers, who have to bring up families, hardly
provide the necessaries of life in these times when food
and clothing are so very costly.

The allowances given to the wives and childen of the
men in the Navy and Army are not sufficient to meet their

needs, and a widespread desire has been expressed that
these should be supplemented. The Imperial War Relief

Fund, which is carefully administered, grants such sums
as will increase the allowance to an amount which will

more adequately provide for the home.
The objects of the Fund are wide enough to meet the

many cases of hardship which are excluded from the scope
of other agencies. It seeks to give " Something Extra "

to whose whose needs ate not otherwise met, and
who, apart from this Fund, would not receive the con-
sideration they deserve.

Each contributor may recommend cases up to the
amount of his subscription. Any donation which you
may send for this necessary and patriotic object will be
greatly appreciated.

Cheques should be made payable to the " Imperial War
Relief Fund, and sent to the Hon. Treasurer, the
Marquess of Breadalbane, K.G., the National Provincial

and Union Bank of England, Ltd., 15, Bishopsgate,
London, E.C. 3.—We are, iS:c.,

Beresford (Admiral), Hon. President.
Breadai-bane, Hon. Treasurer.

NOTES.

The Ninth Annual May Lecture of the Institute of
Metals will be delivered by Prof. Soddy, F.R.S., on
" Radio-activity," at Caxton Hall, Caxton Street, West-
minster, on Monday, May ig, at S p.m.

Royal Institltion. -A General Meeting of the
Members of the Royal Institution was held on May 5, Sir
James Crichton-Browne, Treasurer and Vice-President, in
•he Chair. Col. G. Duff Baker, Mrs. Edward Bryce, Mr.
C. E. Scott Dickson, Miss H. Newton Drew, Capt. A.
Glyn Egerton, the Viscountess Glenconner, Mr. R. Owen
Jones, Mr. K. S. Murray, Mrs. Pretyman-Newman, Mr.
J. R. Pretyman-Newman, Mr. J. J. Stewart, Mrs. Street,
and Mrs. Evelyn Whittard were elected Members. The
Secretary announced the decease of Sir William Crookcs,
O.M., LL.D., F.R.S., and Sir Frank Crisp, Bart.,
Members of the Royal Institution, and Resolutions of
Condolence with the Relatives were passed. The Secretary
also announced that His Grace the President had
nominated the following gentlemen as Vice-Presidents for
the ensuing year: Dr. H. E. Armstrong, Sir William
Pbipson Beale, Bait., Dr. J, H. Balfour Browne, K.C.,
Dr. W. C. Hood, the Hon. Sir Charles Parsons, Sir

James Reid, Bart., Sir James Crichton-Browne (Treasurer),
and Brig. -General E. H. Hills (Secretary).
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Royal Institution.—The Annual Meeting of the

Membets of the Royal Institution was held on Thursday
afternoon, May i, Sir James Crichton Browne, Treasurer

and Vice-President, in the Chair. The Annual Report of

the Committee of Visitors for the year 1918, testifying to

the continued prosperity and efficient management of the

Institution, was read and adopted. The Report of the

Davy-Faraday Research Laboratory Committee wss read.

Twenty-four new members were elected in igtS. Sixty-

three Lectures and nineteen Evening Discourses were

delivered in 1918. The books and pamphkts presented

amounted to about 171 volumes, making with 404 volumes
(including periodicals bound) purchased by the Managers, a

total of 575 volumes added to the Library in the year.

Tnanks were voted to the President, Treasurer, and
Sicretary, to the Committees of Managers and Visitors,

and to the Piofessors for their valuable services to the

Institution during the past year. The following gentlemen

w.re unanimously elected as Officers for the ensuing year :

—President—The Duke of Northumberland ; Treasurer

—

Sic James Crichton Browne ; Secretary—Bri3.-Genec?.l

E. H. Hills; Managers— Dr. H. E. Armstrong; Sir W.
Pbipson Beale ; Horace T. Brown ; J. H. Balfour Browne ;

Dr. J. A. Fleming ; Major J. Dundas Grant ; Col. John
Gretton ; the Right Hon. Viscnunt Hambleden ; Dr.

Donald W. C. Hood; H. R. Kempe ; the Hon. Sir

Charles Parsons ; Sir James Reid ; Dr. J. Emerson
Reynolds

;
James Swinburne ; Sir Thomas Wrightson.

Visitors— Sir W. H. Bennett ; W. R. Bousfield
; John G.

Bristow, Frank Clowes ; Edward Dent ; Sic James J.

Dobbie; J. Hunter Gray; W. A. T. Hallowes ; F. K.

McClean ; W. R. Malcolm ; T. C. Owen ; Richard

Pearce ; Sir Edward E. Pearson, Hugh Munio Rose ; and

Joseph Shaw.

Trade Catalogues for Palestine.—The Chief

Administrator, Occupied Eiemy Tecrito.y Administcalion

foe South Palestine, desires to obtain as many catalogues

as possible upon numerous import lines, all of which
should find a profitable market in Palestine. Facilities

foe inspecting these catalogues will be offered to interested

parties in Jaffa, Haifa, and Jerusalem, and it Is conceived

that they will tend in no small measure to the replace-

ment of enemy importation by United Kingdom goods.

The main object is to draw enquiry ; the question there-

fore of uncertain catalogue prices, he states, should not

debar the sending of trade literature. Actual prices and
delivery can be settled by correspondence with the manu-
facturers and gradual substitution of newer catalogues.

Catalogues in the three principal languages of the

country, English, French, and Arabic, are much appre-

ciated, and were a great feature in the German prewar
trade propaganda. The following are the principal imports

required, and it is suggested that suitable firms should

send their catalogues addressed to Headquarters,

Economic Section, O.E.T.A., Jerusalem;—Agricultural

machinery and implements ; Flour mill installations; All

kinds of motors; Furniture; Bedsteads; Enamelware

;

Pottery; Glassware; Lamps; Stationery; Hardware;
Ironware ; Articles of construction ; Book printing and
book binding machinery and types ; Boots and shoes

;

Drugs and chemicals ; Brushes for painting and house-

hold ; Travelling bags and necessaries; Locks; Musical

instruments; Typewriters; All kinds of tools; Engines

|0r petroleum and gas ;
Perfumery.

Public Policy and the Chemical Industries.—The
chemical industries of Canada and the United States no

less than those of Great Britain and France were born out

of the stress of the Great War. Without the successful

reconstruction of these industries in the allied countries

the war would have been lost, for science and brains, more
than muscle, determined the outcome. The rapid

establishment of factories producing explosives, miscel-

laneous chemical works, as well as munition plants and

metallurgical works with their necessary laboratories,

Stands as one of the great miracles of the war. To create

these the owners of industrial plants abandoned their

ordinary peace operations and surrendered their rights for

the national cause. Some of them found It profitable,

while to others the change meant financial loss. To all

it meant the breaklng-up of old connections and a disrup-
tion of business when the war ended. When the creation
of the war chemical industries was determined by the
Anglo-Saxon nations it was well understood that never
again would these nations be placed at the mercy of their

enemies in the production of those chemicals that were
recognised as key industries. From these cardinal facts
It becomes essential to Canada, the United States, and
Great Britain that what was demanded as vital to winning
the war is now also vital. If the chemical industries are to

be safeguarded during the era following the war. Oiher-
wise, our last state will be worse than the first. The pre-
servation and sound development of the chemical and
metallurgical industries becomes, therefore, not a que-tion
of tariff, but a question of national safety. A number of
these established for war purposes at a cost of millions of
dojlars, now find themselves faced with a serious problem.
As they were established by Government action and
Government command, so they ought to be secured by
Government intervention during the peri d of reconstruc-
tion. This is required by common justice as well as the
plain logic of the case. In Great Biitaln, France, and
the United States the situation has been taken in hand by
the control and regu ation of imports affecting these in-

dustries. In Canada there has been a laxness in this

control, and a situation has developed which demands a

wise foresight if industries established at heavy cost are

to be safeguarde ' during the transition period. Some facts

on this situation will be given In another Issue.

—

Canadian
Chemical Journal, ill., No. 4.

The Potash Situation.—Deposited here and there
over a great layer of rock salt extending through north and
middle Germany, lie the beds ot potash and other salts

which in recent years gave Germany a world-monopoly of
the potash supply. The deposits at Stassfurt, extending
over a hundred square miles, became famous, as they con-
tain not only potassium chloride, carnallite, a double
chloride of potassium and magnesium, and kainite, a com-
pound of magnesium and potassium sulphate, but other
valuable salts, the production of which fell into the control
of the Potash Syndicate. The syndicate's operations were
" bossed " by the government, which regulated the amount
allowed for export and the prices at which It should be sold
in foreign markets. In 1914, 53t, 300 tons were allowed
to be exported, while 635,000 metric tons were retained
for German consumption. In 1904 extensive deposits of

potash salts were discovered In Alsace, which to-day are
under French control. These deposits are reported to

contain a billion and a half tons of raw material, equal to

300,000,000 tons of pure potash. This Is in the form chiefly

of muriate of potash, easier to purify than the salts at

Stassfurt. Owing to the destruction of machinery by the
Germans during the war it will take a year or more to put
the Alsace potash mines in proper working order, but when
that is done the annual output will be 8oo,ooj tons, which
will be about ten times the production that was permitted
to the Alsatian mines by the Germans before the war. In
other words, the world will get from Alsace alone nearly

300,000 tons more than was allowed before the war.
Meantime, as the result of the cutting off of German
supplies during the war, there has been a keen quest for

other sources of potash. A considerable amount has been,
and will continue to be, recovered from the flue dust in

cement works. Some has been made from the seaweed,
kelp, but while this and some other sources have been
used during the period when potash rose from 40 to 45
dols. a ton up to 400 and 450 dols. a ton, they are not
likely to be much in demand when the product drops
below 100 dols. a ton. Important deposits of potash salts

have been found near the borders of Abyssinia, in the

talian district of Eritrea, and these reached an outpat last
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year of 20,000 tons. Deposits also have bjen (ound in

Spain at Cordova, Lutia, and other places, and the brine

and salt lakes of Nebraska and California are now worked

for their potash contents. A great future source of potash

exists in the felspar rocks in which Canada is rich, but the

chemical problem involved in producing it from this source

is yet to be solved on a commercial scale. O.i account of

the fall in prices the present is a critical time for potash

producers in America. It is reported that ion, 000 tons ol

potash produced in Nebraska are in storage warehtiuses

awaiting sale. The total produciion from the Nebraska is

about 220,000 tons a year, equivalent to 50,000 tons of

pure potash; the production of the California works at

Searles I>ake being about 10,000 tons of " actuil " potash.

Kelp yielded last year a little over 10 per cent of the

domestic produciion of potash in the United States.

Foreign potash cannot be brought into Canada or the

United States in time for this year's use on the land, so

thai if the existing stocks are freely drawn on it would be

better for the farmers in securing greater production, and

would give a chance for some branches of the new industry

to survive. The .American War Trade Board announces

that no potash from Alsace will be available on this side

before June next—and even then the imports ate to be

regulated by licence. By these means it is expected that

a collapse lii prices will be avoided.

—

Camxdian Chemical

Journal, i>i., No. 4.

MEETINGS FOR THE WEEK

Monday, May 12.

Royal Geogiaihical Society. " Crete— Its Scenery and

Natuil I"-atures," by A. Trevor Battye.

Cefamic Sjciciy, 7.30.

Tuesdiy, May 13.

Royal Institution, 3. " British Ethnology—The People of

Wales and Ireland," by Prof. A. Keith.

Royal Horticultural Society, 3. "Bottling and Drying,"

by Vincent Banks.

Royal Photographic Society, 7. " Devtlopment Papers

and Desensitisers," by W. C. Mann.

Wednesday, May I4.

Royal .Society of Arts, 4.30. " Railway Transport in the

United Kingdom," by 11. Kelway-Bamber.

Institution of Electrical Engineers, 6. " Wireless in the

Royal Air Force," by Major J. Erskine Murray.

Thursday, May 15.

Royal Society, 4. (Election of Fellows). "Area of Bar-

faces," by Prof. W. H. Young. "Change of the

Independent Variables in a Multiple Integral," by

Prof. W. H. Young. " Chemistry of Coal— Part I.

Action of Pyridine upon the Coal Substance," by

Prof. W. A. Bone, F.R.S., and R. J. Sarjant. "A
New Method of Weighing Colloidal Particles," by

Prof. E. F. Burton. "Value of the Rydberg Con-

stant for Spectral Series," by W. E. Curtis.

Royal Institution, 3. " Intensive Cultivation," by Prof.

F. Keeble.

Royal Society of Arts, 4.30. " Soil Deficiencies in India,

with special reference to Indigo," by Prof. H. E.

Armstrong.
Institution of Electrical Engineers, 6. " The Telephone

Service of Great Cities, with special reference to

London," by E. A. Laidlaw and W. H. Grinsted.

Chemical Society, 8.

Friday, May 16.

Royal Society of Medicine (Otology Section), 5. (Annual

Meeting).

Royal Institution, 5.30. " Subantarctic Whales and

Whaling," by Dr. S. F. Harmer.

RESEARCH FELLOWSHIP.
CCOITISH TANNERs' FEDERATION.—
^^ Applicalions are invited for Post as RESEARCH FELLOW
to the Scottish Leather Trade. Salary £400 per annum with a tinan-
cial interest, to be mutually agreed upon, in discoveries of commercial
\alue.—Address, S. T. F., Chemical Nr.ws Office, 16, Newcastle
Straet, Farringdon Street, London, E.G. 4.

DERBYSHIRE COUNTY COUNCIL
COUNTY ANALYSTS DEPARTMENT.
WANTKD, ASSISTAN'T TO COUNTV ANALYST.

C^xperience in Analysis of Foods, Drugs,
-*—' Water, Fertilisers, and Feeding-stnfi's essential. Preference
given to applicants possessing Institute of Chemistry qualification or
a Science Degree. Salary £250 per annum. For forms of application,
particulars of duties, &c., send stanfped addressed foolscap envelope
to the undersigned.
Applications (endorsed " Analytical ") must be upon the form pro-

vided, and must reach me not later than Friday, Mav 30ih.
Cauvassicg in any form \sill be a disqualification.

N. I. HUGHES HALLETT,
County Offices, Derby. Clerk of the Derbyshire Louniy Cou.icil.

Dated this ist May, 1919.

UNIVERSITY OF MANCHESTER
(FACULTY OF TECHNOLOGVJ

MA.NCHESTER MUNICIPAL
COLLEGE OF TECHNOLOGY
APPOINTMENT OF LECTURER IN

PHYSICAL CHEMISTRY

The City Council and the University of Manches^^r jointly invite
applicaiious for a Lectureship in Physical Chemiii,) in the Univer-
3ity of Manchester and in the College of Technology.

Salary : ^400 a year, together with a bonus at a rale to be fixed from
time to time.

ConditlonB of appointment and form of application may be obtained
from the Registrar, College of Technology, Manchester. The last

day for the receipt of applications is 14th June, 1919.

Canvassing, either directly or indirectly, will disqualify a candidate
for appointment

J. C. Maxwell Garnett,

Dean of the Faculty.
Principal of the College.

Tf in good condition, Sixpence per copy will be

paid for any of the undermentioned numbers of the CHEMICAL
NEWS which may be forwarded to this ofl&ce :—

3048, May ?4th, i.jiN.

306J, January 3rd, ijig.

3066, January 17th, 1919.

306S, January 31st, igig.

3069, February 7th, 1919.

3070, February 14th, 1919.

3075. March 21st, 1919.

16, Newcastle Street, Farringdon Street, London, E.C. 4.

BY DIRECTION OF THI-: DISiOSAL BOARD, MINISTRY
OF MUNITIONS.

SURPLUS CHEMTc~ALS FOR SALE.

The Surplus Government Property Disposal
Board announces that it has for Disposal CHEMICALS of

various kinds, such as are used, for example, in the Dyemaking, Tex-
tile, E (plosives Firework, Paper-making, Paint, and many other
industries. Consumers and other interested parties are invited to
apply for Lists of the Chemicals to the Costrollfr, Chemical and
Kxplosives Section, Disposal Board, Storey's Gate, Westminster,
S.W. I.
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ON ACQUIRED RADIO • ACTIVITY.*

By Sir WILLIAM CROOKES, O.M,, LL.D., D.Sc, &c.

Experiments ivith Cathode Rays.

I. About forty years ago I sealed in a vacuum tube ?.

yellow diamcnd cut as a brilliant. This diamond was
chosen because it phosphoresced in thi; dark after exposure

to bright sunshine— it also phosphoresced slightly under

the influence of ultra-violet light. In the vacuum tube, as

the anti-cathode, it emitted a brilli.int yellovi'ish white

light giving almost as much light as s candle. It was
often exhibited to illustrate the glov/ of a diamond under

the influence of cathode rays in vacuo; scarcely a week
passed without the vacuui^i tube containing the diamond
being exhibited to friends. It was by far the most attrac-

tive tube in my collection. After fcity years of hard work
the diamond has become much discoloured. It was of

interest to see if the repeated bombardment, as the anti-

cathode, in the vacuum tube had conferred radio-activity

on the diamond. Accordingly I opened the tube, quickly

removed the diamond, and in the daik put it on a sensitive

film, a thin sheet of black paper intervening. Over the

diamond was placed a pad of cotton-wool and a weight,

to prevent the stone from shifting its posiiion. After nine

days' contact the film was developed. An exceedingly

slight action could, with difficulty, be detected, showing
that the oft' and on action for forty years had conferred

practically no radio activity on the diamond.
2. A sensitive electroscope was now made, with sulphur

insulation. The fall of the leaf wai observed with a small

telescope having a photographed scale. The normal fall

due to natural leakage was 5° in 165 seconds. A piece of a

thoria gas mantle caused a fall of $^ in two seconds, and

radio-active diamonds caused a fall in from two or three

seconds to a fraction of a second. Tested in this instiu-

ment I found this special diamond to be entirely devoid of

action.

Action of Cathode Rays on Diamond.

3. On one occasion when M. Moissan was in my
laboratory I darkened some diamonds by means of cathode

rays. One of these he took away, and subsequently

repotted the result of his experiments to the French
Academy (Comptes Rendus, cxxiv., No. 13, p. 653,

March, 1897). He heated the diamond to 60° C in an

oxidising mixture of potassium chlorate and fuming nitric

acid, prepared from monohydrated sulphuric acid and
potassium chlorate fused and free from moisture (g, 12,32).

The action on the daik layer is very slew, requiring at

least eight or ten days for its complete removal. There is

at first produced graphitic oxide which at an increased

temperature yields pyrographitic acid easily destroyed by
nitric acid. Hence the variety of carbon which coated the

diamond is graphite. The transformation of diamond
into graphite requires the temperature of the electric arc,

and the higher the temperature at which it is formed the

greater is its resistance to oxidation. M. Moissan came
to the conclusion that the temperature rea:hed by the

surface of the diamond blackened in my radiant matter

ube was probably about 3600° C.

4. Six diamonds—having different degrees of phospho-
escence under cathode rays—were tested in a Becquerel

phosphoroscope to see if the order of intensity of the

residual phosphorescence due to illumination with an arc

light was the same as the order under cathode rays. All

had a slight residual phosphorescence, but the order of

intensity diff^eted in the two cases.

» A Paper read before the Royal Society. From the Fhilosopkical
Transactions cf the Ryal Society, ccxiv.. A, 521.

Action of Cathode Rays on varions Mineral Substances.

5. For many years I have experimented on the changes
produced in ordinary and quartz glass and various crystals

by exposure to radium emanations and rays.

Considering the identity of the cathode discharge in a

high vacuum tube with the fi rays from radium, experi-

ments were started to ascertain if the cathode rays would
confer radioactivity in various solid bodies submitted to

its influence. A vacuum tube was prepared with a remov-
able window at one end to allow the contents to be

exchanged for other bodies. In the tube v/ere placed

pieces of uranium glass, a crystal of ruby, a crystal of

garnet, a piece of quartz, a plate of platinum and one of

gold. The tube was exhausted to a high vacuum just

shoit of the non-conducting point. On excitation the

whole tube was filled with the green glow of phospho-
rescent glass, the ruby and uranium glass became very

phosphorescent, the other bodies remained quite dark.

After an hour's exposure to the cathode discharge the

tube was opened, the objects quickly removed in the

dark and placed on a sensitive film ; the upper sides that

had received most bombardment being placed downwards
on the film. They were kept thus for eighteen hours and
the film then developed. There was absolutely no impres-

sion of any of the bodies on the film. Thus it appears

that the cathode stream will not confer radio activity on

the above-named bodies.

Action of Cathode Rays on Phosphorescent Bodies.

6. Experiments were next tried to see if earths and
compounds which became strongly phosphorescent under
the influence of the cathode discharge would thereby

become radio-active. Some ignited yttrium sulphate, in

the condition most sensitive to the cathode rays, and
giving under their action a phosphorescent glow with a

discontinuous spectrum,was pressed tightly into a shallow

aluminium tray and exposed for an hour to the discharge

in the vacuum tube. It was then removed and immediately

covered with a sensitive film pressed down with a slight

weight. After forty-eight hours in total darkness the film

was developed. Only a very slight image of the yttria was
visible. This result does not prove that the cathode

stream had rendered the yttria radio-active, for there is

always a residual glow in the yttria in these circum-

stances ; it is not unlikely that the light of this glow,

acting for the first hour or so of the forty-eight, might have

been strong enough to impress the film (7).

7. Three shallow trays were filled—one with phospho-

rescent calcium sulphide, another with zinc sul; hide, and

a third with platinocyanide of barium. After subjecting

them to the cathode stream in the above manner, they

were removed and covered with a sensitive film, and kept

in darkness for twenty-four hours. On development only

an impression of the zinc sulphide was seen. As this

sulphide also has a certain amount of residual glow after

exposure to the cathode rays it is probable that the photo-

graphic action is only the result of this glow (6).

Action of Radium on Diamond.

In June, 1904 (Roy. Soc. Proc. Ixxiv., 47), I read a

paper before the Royal Society on the action of Radium on

Diamond.
8. A few years later I repeated the original experiment,

exposing two New South Wales diamonds to the action of

the radium rays and emanations for a longer period. The
diamonds selected were of an identical pale yellow, devoid

of radio-activity. A quartz tube containing 15 mgrms. of

pure radium bromide was well exhausted and sealed before

the oxyhydrogen blowpipe. One of the diamonds was put

close to the tube of radium and kept in its place with a

piece of gummed paper. The 'other diamond was put

away in a cabinet and kept far away from any radium

compound. The two diamonds were thus left for a little

mote than six months. At the end of this time they were

examined. No appreciable difference could be detected
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in the colour of the two diamonds — the one that had been

close to the tube of radium bromide not being darker than

the one which had been away from radium the whole

time.
Coloration of Diamond by a-Ray.

9. The diamond was now enclosed for seventy eight

days in a tube containing radium bromide ; at the end of

the time it had acquired a bluish green colour. It was
then heated for ten days in a mixture of fuming nitric acid

and poiasium chlorate so as to dibsolve ofi any outer skin

of graphite which might have contributed to the colour

(3, 12, 32). The treatment biightened its appearance but

diJ not alter the colour. The diamond was next put on a

sensitive photographic film and kept there for twenty four

hours. On developing, a strong impression was seen.

fl- and y Rays produce Phoiphorescence.

10. This experiment shows that the alteration of the

colour is not due to the phosphorescent slate of excitement

to which the diamond had been constantly subjected

during eight weeks. The colouring action is cut off by a

thin screen of quartz, whereas the phosphorescing action

is kept up by rays which pass through quartz. It is there-

fore evident that the coloration is due to the orays, or

atoms of helium, shot from the radium compound (26, 29,

33). The phosphorescence is produced by the ii- or 7 rays

(ig, 26, 43), which readily pass through glass and quartz.

Persistence 0/ Acquir/d Radio activity.

11. The acquired radioactivity of diamonds persists

for a longer time than I have been enabled to measure,

and resists the most violent treatment 1 have applied to

them.
A large brilliant cut diamond ol pure water assumed a

fine green colour after having been kept for sixteen

months (from May, 1904, to Sept., 1905) in a bottle and

covered with powdered radium bromide. At the end of

that time it was highly radio-active. This diamond has

been carried about in my pocket, off and on, since 1905,

and has been tested on a sensitive photographic film at

intervals of a year or more. No appreciable difference in

its radio-activity can be detected from that which it

possessed when first removed from the radium bromide in

Sept., 1905. Examined at the present time, nine years

after its removal from the bottle of radium bromide, it is

luminous in the dark, it rapidly discharges a sensitive

electroscope when held near it, and produces scintillations

on a zinc sulphide screen as if it were a radium compound.
12. A diamond of good water was selected trom a

stock of inactive stones, and put in a tube ol radium

bromide (or seventy-eight days At the end of that time

it had assumed a greenish colour, and was highly radio-

active. It was then heated to 50° C. in a mixture of

fuming nitric acid and powdered potassium chlorate for

ten days, the acid mixture being daily renewed (3, 9, 32).

The only effect of this acid treatment was to remove a

slight dull darkening on the surface, and to render the

^reen tint more brilliant.

After well washing and drying it was put on a sensitive

film for five hours. On developing it was seen that the

stone had made a good impression on the film.

13. The stone was then sent to a diamond cutter to be

cut into a brilliant. On receiving it back it was quite

white and free from trace of colour. The stone was then

placed on a sensitive film and kept in darkness for twenty-

two hours. On developing no impression was apparent,

although, before cutting, the active diamond had impressed

a film in five hours (12, 16).

Effect ot UenI on Indiicid Radioactivity.

14. A New South Wales diamond which had always

been kept away from radium salts, was tested in the

electroscope (2) and found to give a fall in two seconds,

ihe natural leak being 180 seconds. The stone was then

put in a silica crucible and heated in an electric tray fur.

nace until visibly red. No change was observed. After

5 minutes— at, say, 700^ C— it was allowed to cool. The
time of d'scbarge in the electroscope was found to be six

seconds.

13. The diamond was then packed in a silica crucible

with graphite and heated with a Meker burner to 700*^0.

several times, cooling and testing the diamond each time
when cold.

Heated to 700° C. for ro mins., and cooled, time
of falls 6 sees.

Heated to 700° C. for 15 mins., and cooled, time
ol fall - 10 sees.

Heated to 700 C. for 20 mins., and cooled, time
of fall - 10 sees.

Heated to 700' C. for 20 mins., and cooled, time
of fall = 30 sees.

It was now left for the night, and measurements resumed
ntxi day.

Heated to 700° C. for 60 mins., time of fall = 9 sees.

Heated in new graphite for 30 mins., time of

fall = 7 sees.

New graphite again used.

Tested again after 48 hours, time of fall = 4 sees.

Heated to 700' C. for 30 mins., and allowed to

cool for 2 hours, time of lall = 2 sees.

The diamond after the last measurement (2 sees.) was
laid on a sensitive film and kept in the dark for twenty-one
days ; on development it gave a good image.

Tbi"! experiment shows a temporary loss ol activity by
the beat treatment followed in a short time by complete
recovery.

16. A Kimberley diamond, rather flat, octahedral
shaped, was kept in a bottle of dry radium bromide for

some weeks until it was quite green. By means of a steel

wheel fed with diamond dust part of once face was cut
away, and the surface of an adjoining face was just

removed, the adjoining corner thus being freshly exposed
diamond crystal. It was put on a sensitive film in such a
position that it could be subsequently examined and com-
p red with the developed image, so that the active portions
of the surfaces, natural and ground off, could be seen. It

was allowed to act for five days, when the film was
developed. The result indicated very decidedly that where
the surface of the diamond had been removed it was no
longer radio-active (13).

Experiments with a very Active Diamond Crystal.

17. A fine crystal of diamond from Kimberley which
had been kept in a bottle of radium bromide for some
months was tested on a sensitive film and in the electro-

scope. It was found to be highly active, and was set

aside for further experiments. It was luminous in the
dark, quickly discharged the electroscope, and caused an
inactive diamond held near it to phosphoresce. It was
put on the surface of a screen coated with small crystals

of barium platinocyanide, and caused scintillations the
same as on a blende screen, but feebler (11, 26, 27, 30, 33).

18. A blende screen was made by coating a glass slip

with very sensitive zinc sulphide. This was laid on the
diamond, the ZnS side next the diamond ; the scintilla-

tions were easily seen through it in all their characteristic
appearance, with concentration at the edges and corners.
A piece of aluminium sheet, o 06 mm. thick, was moved
about between the screen and crystal of diamond, and
there was no doubt whatever that the aluminium stopped
all the scintillations. It was absolutely dark where the
aluminium covered the crystal.

ig. The diamond (17) was then held in contact with the
card back of a platinocyanide of barium screen. The
luminous patch due to fi- or 7-rays, or to both, was quite

evident, moving about as the diamond was moved. The
sheet of aluminium foil used in the former experiment
(0'd6 mm. thick) was put between the crystal and the back
of the screen and there was little, if any, diminution in
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the luminosity. It is therefore quite certain that the

radio-active diamond gives of! other rays besides a rays,

and that the rays can penetrate aluminium 006 mm. thick

and the card back o( the screen.

20. The diamond (17) was put into various fluorescent

solutions (uranine in water, Slberrard's />-nit[Oso-dimetbyl-

anilinenaphthaline compound, and quinine sulphate). It

did not occasion the slightest fluorescence, although its own
faint luminosity could be seen in the liquid.

21. The active diamond (17) was cemented to a plate of

glass, and six small pillars ol lead cemented round it the

same height as the stone. The whole was inverted on a

sensitive film, and kept in the dark for 2-25 hours.

Another experiment was then tried with the same appa-

ratus, only altering the position of the crystal so that the

lead pillars were opposite the angles of the crystal. The
exposure in this case was 65 hours. The pictures on
development showed a strong radiation extending some
distance round the diamond (six or eight diameters) and
the lead pillars showed strong shadows.

22. The same experiment was repeated three times with

the interposition of one, two, and three thicknesses of

aluminium foil 001 mm. thick, each was exposed the same
time (two hours), and all were developed together. Each
showed strong action near the diamond. One thickness

allowed the shadow of the lead pillars to be easily seen.

Two thicknesses showed the shadow with difficulty, and
three thicknesses only showed the shape of tlie diamond
itself.

23. The crystal (17) was removed from its circle of lead

pillars (21). A small cell of brass tube 0-3 inch in diameter

had six slots cut in it with a file. The diamond was
mounted in such a position that the three corners of the

triangular surface that touched the film should come
opposite three of the slots. These experiments show that

the diamond is giving off /irays copiously.

y-Ruys from the Radio active Diamond.

24. The diamond (17) crystal was fixed with its sharpest

point upwards in a small thick cell of brass. Exactly over

the point was a small hole o'S mm. in diameter and ; mm.
long. On the top was a piece of sensitive film enclosed

in black paper. The whole was kept in the dark for three

hours, when a fair image of the hole was obtained on
development. The apparatus, with another sheet of

sensitive film in it, was fixed between the pointed poles of

a powerful electromagnet, and a current of 30 amperes
was passed through for three hours. The current was
then shut off, and the film shifted sideways (or half an
inch, and the action of the diamond without the magnetism
was allowed to go on for another three hours. It was
then developed, and both spots appeared about the same
intensity.

25. The diamond crystal (17) in its brass box had a thin

plate of clear mica put over the hole, and a sheet of lead

over that. All was wrapped in sheet lead, and so kept for

about six months. There was an extremely faint but

hardly appreciable darkening of the mica at the position of

the hole.

26. After the above experiment the diamond was kept
in its brass box for two years, and then laid on a sensitive

film and kept there for three hours. On developing a spot

of action was seen, showing that the diamond was still

radio active. It was removed from its brass cell and
examined in the dark on a blende screen. It gave plenty

of scintillations easily visible without a lens. Experiments
showed that it still gave out, along with a rays, also iS-

and v-rays (10, 19, 42, 43).

27. A small light-tight box was fitted as a camera. The
arrangements were such that the image on the sensitive

film was 15 times the size of the object. A photograph
of the radio active diamond (17) was taken by the light of

its scintillations on the blende screen (17, 26, 30, 33),
giving fjrty eight hours' exposure. The three bunches
of luminosity come from the corners of the crystal that

are In contact with the screen. The photographic impres-

sion is certainly discontinuous, appearing granular— cor-

responding to the granular character of the screen. It

appears that the different grains shine and continue to

shine by their own residual phosphorescent light under the

impact of the aparticles. In a further experiment the

diamond was illuminated by the arc lamp, and a photo-
graph was made of the diamond crystal in situ as well as

of the screen. This gave a good image of the stone, and
also of the granular surface of the screen.

28. It is certain that, in addition toa-rays, the diamond
(17) gives off a considerable amount of other rays
(id, ig, 26, 42, 43). This is shown by the early experi-

ments, where photographic images with the diamond were
obtained through one, two, three, and four sheets of

aluminium foil—each 001 mm. thick.

29. The crystal of active diamond (17), with which mos
of these experiments have been made, was examine
crystallographically by Dr. Tutton, who reported to me
that the crystal is an apparent octahedron — but composed
of two supplementary tetrahedra showing on three of the

edges the usual grooves where the interpenettation of the
tetrahedra is not complete.

30. Experiments show that exposure of a zinc-sulphide
screen to the impact of electrons from the negative pole in

a vacuum tube does not cause scintillati ns. It appears
that only a rays (positive atoms) produce this effect

(it, 17, 26, 27, 33) ; it was therefore interesting to see if

scintillations could be produced by bombarding a sulphide
screen with a stream of positive atoms produced in a
" Thompson " tube. An apparatus was fitted up having a

zinc-sulphide screen to receive the positive discharge—but
no effect of scintillation could be observed.

(To be cont-nued).

lODOMETRIC EQUIVALENTS.

By A. I. G. SMOUT, A I.C.

The data given below has been found very useful for

pasting up in table form in the laboratory where thiosul-

phate and iodine titrations form part of the routine ;^

Value. Value.

Iodine X i'2465 = NajSjOj Log. = o'og36

N3iSi03 X o 8022 = Iodine ,,
= 1*9043

Iodine x 02953 - -Vrsenic
,,

= i"4703

Iodine X 0-4722 ^ Antimony „ = 16741

Iodine x 0-1263 =^ Sulphur „ = 1-1014

NajSzOj X 0-2241 = Chlorine „ = 1-3504

Na^SiOj X 0-5051 = Bromine „ = i'-7034

NajSaO, x 02747 - Manganese dioxide „ = 1-4389

NaiSzO, X 0-1292 -= Pot. chlorate „ = 11113

Na2S203 X o 1461 = Pot. perchlorate ,,
= 1-1647

N32Sa03 X o 1096 = Chromium „ = i-0398

Na2S203 X 04367 = Lead „ = !•

Tk.\de with the Left Bank of the Rhi.\e.—The
announcement on this subject issued by the Board of
Trade on March 14 is hereby cancelled, and it is announced
that it will no longer be necessary for re exporters to obtain
licences from the Export Licence Department before
shipping to the territories on the left bank of the Rhine in

the occupation of the Associated Governments goods
other than those included in List A and B of prohibited
exports.

—

Board of Trade younui.
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REVIVAL OF INDIGO.

In addressing the Textile Institute, at Bradlord, on
Febiuary 27, on this subject, Prof. H. E. Armstrong tool<

exception to the application of the adjective natural to

indigo as redundant, also to the use of the expression
syiithelic indigo— as indigo never has been and never can
be made artificially. Indigo is a mixed material, produced
in a particular way from a plant, containing, in the case
of well-made samples, about 70 per cent of the specific

compound indigotin. This compound, not indigo, is the

substance which is being manufactured and sold in an
almost pure form. The term indigo should be used only
in speaking of the natural product.

Indigo contains substances other than indigotin which
have an influence in the dye vat, even if not actually dye-

stuffs. It has been the studied policy of the German
manufacturers to disregard these associated materials as

of no account ; all but the old conservative school of

dyers have fallen into the trap ; these latter have always
maintained that indigo has special qualities, which give it

an advantage, in dyeing heavy shades, over manufactured
indigotin pure and simple. Probably, in future, this

difference will be one of determining influence in the

industry.

In trials made with special care to contrast indigo with
synthetic indiuotin, in dyeing heavy shades on loose wool,
the former has been found to have the advantage to a very
marked extent. Hydrosulphite vats (1500 gallons) were
set with equal quantities of indigo and of synthetic
indigotin paste, each containing 20 per cent indigotin, and
equal quantities of locse wool were dyed simultaneously
in the two vats in lots of 50 lb. at a time. In the case of

the first two or three dyeings deeper shades were obtained
in the indigo vat. In consequence, the addition of paste
before dyeing each lot of wool was gradually reduced, and
it was eventually found that equal depths of shade were
produced when the amount supplied each time was 8 lb.

of synthetic paste and only 6i lb. indigo. Indigo produces
a rather redder and brighter shade even when these pro-
portions are used. The difference is being made the
subject of systematic inquiry.

After considering the history of the introduction of

synthetic indigotin and the position of indigo prior to the
war, especially the great reduction in output of the natural
product, Prof. Armstrong gave an account of the efforts

made to improve the industry in India, in particular of late

in Bihar, ur.der the direction of Mr. W. A. Davis. It has
been shown conclusively that a paste containing a standard
proportion of indigotin, comparable with that in the syn-
thetic paste on the maiktt, is easily prepared, and that the
only disadvantage it has arises from the presence of a

certain proportion of insoluble matter. An organisation
for the preparation of such paste has been established, and
probably this material will be put on the market in com-
petition with synthetic paste. Other forms, more easily

transported, are in contemplation, however.
The process of manufacturing indigo has been much

improved under Mr. Davis's direction—in particular the
yield has been raised considerably by the recovery from
the "stet" water of the finely divided, suspended indigo,

which formerly ran to waste. This has been effected by
adding Dhak gum.
The extraction process is being studied in every 'parti-

cular, especially on the bacterial side.

The crop has been a declining one of late years, owing
to the diminished yield per acre, the occurrence of wilt

disease, and the attack of the plant by an insect pest ; also

by reason of the difficulty of raising seed. A careful and
txtended survey of the results has led Mr. Davis to the
conclusion that, at all events, the main cause of the decline

is the depiction of the soils in available phosphate. 01
late, even the Natal Java plant has ceased to give a

superior yield—the early success of this variety is shown
to have been due to the fact that it is a very deep-rooted
plant and was able to apprcpiiate from the sub soil the

phosphatic supplies beyond the reach of the Sumatrana
plant.

The future of the industry appears to be mainly con-
tingent on the LXtent to v/hich planters are able to apply
phosphatic manures. Apart from the dyestuff it yields,

the indigo plant is now of importance as a green manure
;

: nd as a legum.inous crop it also has its definite, natural
place in the rotation. It is clear that big crops can be
obtained if proper agricultural conditions be secured, and
that there will be no difficulty in raising seed. There is

also reason to believe that improved varieties of the plant,

giving an enhanced yield of indigo, will soon be produced.
In short, improvements are foreshadowed in many direc-

tions, so that indigo may well recover its posiiion and
enter into effective competition with the artificially

made somewhat imperfect substitute.

—

jfoiirnal 0/ the

Socitly of Clitinical Industry, xxxviii., No. 7.

THE M.\NUFA TURE OF NEUTRAL SULPHATE
OF AMMONIA.

A Niiw Process.

Much interest has been shown at the present time in the
matter of raising the standard of quality of the sulphate
of ammonia generally supplied in this country. A strong
movement is in being to persuade or compel manufacturers
to eliminate the free acid which is a normal constituent of

the sulphate ordinarily supplied. Such free acid is detri-

mental both to the transport and use of the salt. It rots

the bags in which the salt is packed, and seriously impedes
the agriculturalist in his efforts to secure an even distribu-

tion of the material in the soil.

It is not suiprising that sulphate of ammonia which has
been produced in the usual manner should contain free

acid. The crystals of sulphate are deposited in a bath,
which consists of more or less d:lute sulphuric acid in

association with a solution of sulphate of ammonia. As
these crystals are removed from the bath they are, of

necessity, surrounded by, and enveloped in, mother-liquor
containing free sulphuric acid. Part of such acid drains
away when the salt is allowed to rest; bnt a portion is

left adhering to the crystals, and constitutes the free' acid

which is being objected to. In amount it varies from 03
to I per cent by weight of the salt ; an average amount
being about o'5 pet cent, where no special means are in

use for its removal.
There are two ways by which this objectionable con-

stituent ir.ay b,; got rid of. It may be eliminated, or it

may be neutralised. For example, the salt may be washed
with water, as in the following arrangement, for which a

British patent was granted a year or two ago. There was
an endlens chain o! perforated buckets dipping into the

contents of the saturator, and raising therefrom the

crystals of sulphate, which were met by a shower of water
applied on the countercurrent principle- that is, the sul-

phate encountered progressively clearer or fresher water
as it moved towards the discharge end of the conveyor.
Thus the sail received a very effective washi g, eliminating

the free acid. But, unfortunately lor the success of the

process, the washing cannot be applied without at the

same time some of the sulphate itself bemg dissolved.

This is a very grave objection, and has prevented any ex-

tensive adoption of this method of washing the crystals

of sulphate with water.

There are several patented methods for getting rid of

the free acid by neutralising it. In one, the salt is exposed
to vaporised ammonia, which is caused, by suitable

means, to permeate the material. In otheis, a solid

material containing ammonia in some weak combination
is mechanically mixed with the sulphate which is to be

made neutral, so that the free acid in the latter may com-
bine with the ammonia that is presented to it. These
methods of neutralising the free acid by means of added
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ammonia, in one form or another, are quite efficient if

properly carried out ; but they are necessarily more or less

expensive, seeing that the ingredient which is introduced
into the sulphate must be brought into intimate contact
with the latter, necessitating very careful mixture of the

materials. Neutralised sulphate is said to be liable to

become discoloured ; and this is easily understood. For
if an excess of ammonia be present in the material it will

precipitate, as oxide, the trace of iron which exists in prac-

tically all commercial sulphuric acid.

We have now to describe a method which, by the intro-

duction of a simple modification of the ordinary working
arrangement, eliminates free acid from the resulting sul-

phate at practically no expense. This is the process
devised by Mr. J. T. Sbeard, the chief chemist to the

Sheffield Gas Company, whose complete specification has
just been accepted by the Patent Office. The process is

based upon a realisation of the fact already alluded to,

that every crystal of sulphate of ammonia, as it is re-

moved or deliveied from the saturator, is enveloped in a
film of sulphuric acid, which in the ordinary course is too
viscid to flow completely from off the surface of the salt.

If, now, this film of acid can be diluted with water, so as
sufficiently to reduce its viscosity, it will be enabled to

flow away from the salt, leaving the latter practically

neutral. In this process, therefore, the mass or magma
of crystals enveloped in mother-liquor and acid, is sur-

rounded by a fine m'st or cloud of water, immediately it

leaves the saturator, and before the mother-liquor has
been allowed to drain away from it. The acid film en-

veloping the crystals of sulphate has a great avidity for

water, which it absorbs, and is diluted by, while the salt

is protected from meeting with the water, and so is not
dissolved ; for the water does not come directly into con-
tact with the salt itself. The diluted mother-liquor, which
drains away from the salt, carrying with it the free acid,

flows back into the saturator. It might be thought that

this would lead to too great weakening of the saturator

bath ; but this is not so. It is duly allowed for. In the

ordinary way of working a supply of water, equal to 112
gallons per ton of sulphate made, must be provided, in

some form or other, in order to reduce the strength of the

acid employed— namely, 140° to 80^ Twaddel, which is

that generally considered the most useful. By the arrange-
ment described, so much of the water as is necessary is

used to dilute the acid on the surface of the salt removed
from the saturator, before it enters the saturator itself.

—

Gas jfounuil, April 29, 1919.

THE COLOUR OF WATER.*

By WILDER D. BANCROFT, Ph.D.,
Professor of Physical Chemistry, Cornell University.

(Continued from p. 225).

"There is still another point which calls for attention.

If the yellow colour of a liquid is due to the suspension of

a certain number of solid or liquid particles, the colour

should dissapear as the particles sink ; it should be

ephemeral. If this were true, the suggested explanation

of the different colours of natural waters would present a

teal difficulty ; but this is not the case. I have allowed a

turbid lime-water solution to stand for seventeen days in

the observation tubes. At first no light came through, but

after some time the lime began to precipitate in the tube,

and the liquid became more and more green. At the end
of twelve days the water was so clear that one could see

through the tube a light pencil mark on a piece of paper.

The colour of the water was green, nevertheless, and
remained so. It was evident that I was dealing with a

solution of lime in water without any real suspension of

solid matter, and yet there was enough yellow left to form a

' From the Journal 0/ the Frankliit Imtituti clxxxvii., No. 3.

green with the blue of the water. Turbid waters contain-
ing bicarbonate of calcium or of barium in suspension
show the same phenomenon, whence it follows that the
resistance to the passage of light manifests itself also

when light passes through saturated solutions where a
precipitate is ready to form. This last might be called a
nascent precipitate by analogy with the nascent clouds
which Tyndall has taught us to recognise. To test this

point experimentally, I have made at 18° a nearly saturated
solution of pure calcium chloride containing no iron. In
the observation tube this solution was a beautiful greenish-
yellow. When diluted with water or when the thickness
of the layer was decreased, the green became more
marked. An almost saturated solution of pure magnesium
chloride has shown a very pure golden yellow. A saturated
solution of equally pure sodium chloride was wonderfully
transparent and bad a magnificent chrome green colour.

I have not examined solutions of other salts because of the

difficulty of getting them really free from iron. I believe

nevertheless that it is proved that the yellow colour pro-
duced by dissolving a salt depends less on the amount of
salt dissolved than on the nearness of the solution to the
crystallisation point. Small amounts of a slightly soluble

salt will produce the same effect as large amounts of a
more soluble substance. Tc test this iitectly, I boiled

pure, blue, distilled water for some time in a glass flisk.

It is known that glass is slightly soluble in water. When
the cooled water was poured into the observation tube, it

proved to be completely opaque. After some hours a deep
yellow light passed, and at the end of two days it became
green antj remained so. Its clearness was then very great,

but the small amount of transparent material which bad
been taken from the glass was enough to colour it

green.
" We can now show how the observed facts may be used

to account for the colours of natural waters. We start

with the assumption that a sufficiently thick layer of abso-
lutely pure water has a beautiful blue colour. If small
amounts of colourless salts are in true solution, the colour
of the water will remain blue; but if the water contains
greater or lesser amounts of a nascent precipitate the light

passing through the water will be a more or less deep
yellow. There may even come a point at which no light

will pass and the liquid will appear opaque ; in other
words, black. The yellow light will necessarily blend
with the blue of the water to form a series of tints which
will vary with the amount of yellow Irom greenish-blue
through bluish-green to green. If there is too much
yellow, the blue will disappear and the water will be a
brown yellow or even darker.

"Let us see now how these conditions may be realised

in nature. The sparingly soluble substances in the natural
waters, which may appear as nascent precipitates, are for

the most part calcium carbonate, magnesium carbonate,
silica, aluminium silicate or alumina. It is not necessary
to consider the more soluble substances such as the

chlorides and sulphates of sodium and magnesium because
they do not occur in sufficient quantities to produce the
effects in question. A blue water like the Lake of Geneva,
or, better, like the Lake of Acben in the Tyrol, must have
the calcareous matter more completely dissolved the more
blue the water is. There must therefore be a sufficient

amount of carbon dioxide to form calcium bicarbonate.

A green water, on the other hand, like that of the Lake of

Constance, must have the calcareous matter in a less per-

fect state of solution, which must be due to there being
relatively less carbon dioxide in the water. It is interest-

ing to note that these predictions are verified. In 184S
Sainte-Claire Deville analysed the green water of the

Rhine at Strassburg and the blue waters of the Rhone at

Geneva, determining also the dissolved carbon dioxide.

(It is surprising that these two analyses are the only ones
given in the chemical literature. Are there no others !').

The data which interest us are given in Table IV. When
referred to a constant quantity of calcium carbcnate there

is nearly relatively twice as much caibonic dioxide in the
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waters of the Rhone as in those of the Rhine. The cal-

careous matter is therefore dissolved more completely in

the former case and, as a matter of fact, the waters of the

Rhone are blue.

"If it is true that, when other things are equal, a cal-

careous water is more blue the more completely the cal-

careous matter is dissolved, it ought to be possible to make
a blue water green by bringing it in contact with lime stone.

The free carbon dioxide would then be converted com-

pletely into calcium bicarbonate. In the Lake of Achen
the water is a deep blue out in the lake and a most

beautiful chrome-green along the northern shore where the

water is shallow and the bottom co.isists of lime-stone

pebbles from which the waves grind off invisible particles

of calcium carbonate, thus causing a change of colour.

The greenish tones of shoals at sea and along the edges of

lakes are probably due to the same thing. The sands of

the sea contain fragments of crushed shells, and the lands

along the shores of the lakes are usually sufficiently

calcareous to saturate part of the carbon dioxide in the

water.
Table lW.—(J>.p.m.).

Rhine. Rhone.

Calcium carbonate .. I35'6 78-9

Free carbon dioxide .. 76 7-95

"So far we have considered only the calcareous matter

;

but silica and alumina can produce the same effect. A
green water might contain no trace of calcareous matter,

in which case the silica or alumina would have to produce

the colour. Would a water containing alumina and silica

give different lints and would it be possible to remove the

alumina in any simple and natural way ? The answer to

this is easy. We know that clay or aluminium silicate

forms a pseudo solution in water though not soluble in the

true sens; of the word. The water of a river flowing over

a fat, clayey mud, does not become completely clear on

standing. Although the clay is not dissolved, it acts as

though emulsified in the liquid. If one adds to the water

a solution of a salt, such as sodium chloride, the aluminium

silicate precipitates rapidly. This may be observed on an

enormous scale at the mouths of large rivers. Their

waters remain turbid even though the current has almost

disappeared, so long as they do not mix with the sea-

water. When this happens, the mud settles rapidly, and

this accounts for the formation of those deltas which are

built up grain by grain and yet finally dam the river which

formed them and force it to change its course. When the

alumina precipitates the water becomes blue again

Reference has been made to the observations of Schleinitz

on board the Gazelle as to the sudden changes in the

colour of the sea. He noiiced that there was an increase

in the density of the water when the blue colour reappeared

and he therefore concluded that the blue colour was due

to the salt. The real explanation is that the salt precipi-

tates the aluminium silicate, which had caused the green

colour when present in suspension in the water.

" One other point may be raised. Is it not possible that

the polarisation of the light observed by Hagenbach and by

Soret in the Swiss lakes was due to the reflections which

produce the yellow coljur rather than to reflections

producing the blue colour ?
"

W'hile denying that suspended particles are the cause of

the blue colour of water, Spring (Bull. Acad. Roy. Belg.,-

[3], 1886, xii., Si.() recognises the important part which

they play in the colour phenomena.
"One might think that the blue colour of water would

be sufficient in itself to account for the blue colour of the

Atlantic, the Mediterranean, and certain lakes ; but this is

not 80. The action of water on the different components

ol white light varies very much. It absorbs the red

strongly even in thin layers but it absorbs the other colours

to seme extent. If one were to examine the solar spectrum

alter sunlight has passed through an ever-increasing thick-

ness of pure water, one would find the red, the orange,

the yellow, and the green disappearing successively and

finally the blue when the thickness of the layer was
sufficient. The light of the sun would therefore be absorbed
completely in absolutely pure water if the water were deep
enough. Such water would therefore appear as black as

ink. Can such a depth of water be realised in nature ?

Some years ago Fol and Sarasin (Comptei Reiuius, 18S5, c,
ggi) made some new experiments to complete wotk begun
by Fol and others, in which they showed that daylight does
not penetrate more than two hundred metres into the

waters of the Lake of Geneva even in calm weather and
in the month of August. They proved this by lowering
to diflerent depths in the lake a special apparatus contain-

ing photographic dry plates with a rapid bromide emulsion
made by our countryman Van Monckhoven. Those plates

which were lowered 237—300 metres showed no effect of
light when developed, whereas at 170 metres the illumi-

nation was apparently about equivalent to that on a clear

but moonless night.
" Depths of more than two hundred metres are the rule

not only in the ocean but also in most lakes. Conse-
quently these deep waters, from which the light should
never return, ought to appear absolutely black to us.

Their surface might send back some reflected rays just as

ink will ; but the mass of the liquid ought not to appear
coloured if it sends back no light. Along the shores and
m the shallows the blue colour might show because the

conditions would be more or less favourable for the day-
light being reflected to the eye. The real phenomenon is

quite diflerent. The deepest waters are the bluest, and
in the shallow waters the blue gives way to green or even
to yellowish green and brown. How are we to account
for this ?

" Tyndall has shown that no natural water is optically

empty. Even after standing a long time the water of the

Mediterranean and that of the Lake of Geneva scatters a

beam of light. We therefore see the natural blue of

certain seas and certain lakes because the daylight does
not penetrate far enough into them to be absorbed com-
pletely. It encounters myriads of particles of foreign

substances which reflect it in all directions like a multi-

tude of microscopic mirrors. The effect to the observer is

the same as though he were looking through a very thick

layer. From this it follows that in a very deep and very
clear lake containing relatively few suspended particles, a

beam of ligh> would penetrate further than into a more
turbid water before all the rays would be reflected back.

This clearer water would be a deeper blue and we find

actually that the dark blue waters emit less light. It is

also easy to explain the variations in the quality and
intensity of these waters with sky changes or with varying
agitation of the surface. . . .

" If the suspended particles are relatively numerous, a

beam of incident light will not be reflected often in the

water before melting the particle which will send it out.

The blue will therefore not be saturated and will contain

much white light. If the particles are few and far between,
the beam will pass through a longer route in the water

and the effect will be the same as though the observer

were looking through a greater thickness. The blue will

be more saturated and a deeper shade. In consequence
of these multiple reflections the apparent Illumination of

the water does not necessarily come from a very great

depth. The phenomenon is like that observed by all

tourists in the mountains who have crossed freshly-fallen

fields of snow consisting of the original small crystals

which have not yet agglomerated 10 larger grains. Each
hole made by sinking the point of the ice-axe in this

snow is illuminated by the most beautiful blue light. This

blue does not come from the depths of the Ice or the snow,

but is due to the fact that a ray of white light has been

reflected a million times more or less from the surfaces of

the little snow crystals before reaching the eye of the

tourist. At each one of these reflections from a blue

substance it has lost some of the reddish light and conse-

quently appears more and more blue. This explains why
the waters of some mountain torrents are a beautiful blue-
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the intensity of which seems out of proportion to the depth

of the water. The Ticino gives a series of illustrations ot

this between Airolo and Bellinzona. This explains why
a light object, like an oar for instance, appears blue when
plunged a little way into the water of a blue lake, even

though the layer of water coveting it is not itself sufficient

to show the blue. The light reflected back by the object

has not only traversed the slight depth between it and the

surface, but comes also by reflection from the sides and is

therefore blue.
" If the lateral distances are not sufficient, as is often

the case near the shores of a lake or a sea, the phenomenon
becomes complicated. The light coming from these points

will necessarily be less saturated with blue even though
the bottom is white. Since water absorbs most readily

the least refrangible or red rays, and then the others less

and less completely up to the blue rays, the less refrangible

rays will not be cut off in a thin layer ol water and the

light will appear green. This is probably the reason that

the waves of the blue ses appear green. One really sees

them by light transmitted through a relatively thin

layer."

In a later paper Spring (Bull. Acad. Roy.Belg. [3],

1896, xxxi., 94, 256) points out that an optically empty
water may appear blue when seen from above if the

temperature of the liquid is not homogeneous. A column
of water unequally heated is equivalent to a light fog if

the tube is short and to a dense black cloud if the tube is

long enough. -'The light is reflected and refracted from
the layers of unequal density and is scattered irregularly

in all directions as though the liquid contained infinitely

small particles. In other words, such a medium does not

behave like an optically empty one. This is important for

the illumination of clear natural waters. A lake of pure

water will appear blue if there are convection currents in

it. The presence of solid particles is not absolutely neces-

sary. If the convection currents are infrequent the lake

will appear much darker, even though there has been no

change in the chemical composition of the water. This

is true experimentally. Forel (Arch. Sci. Phys. Nat.,

1877, lix.) points out that the soft water lakes are more
transparent in winter than in summer. This is because in

summer there is a greater difference between the tempera-

tures at the surface and in the depths. In consequence of

agitation due to many causes, the layers of water of

different density do not remain stratified one above the

other in a regular manner. They mix and convection

currents are produced in all sorts of directions scattering

the light every which way. Forel has observed that

during the summer months it is absolutely impossible to

see the bottom and to detect the ancient objects which one

looks for in the ruins of the lacustrine cities at depths of

3 — 6 metres. In the winter the water is usually trans-

parent enough to make the search profitable."

Special experiments showed that in a tube twenty-six

metres long a difference of 0-57 between the water in the

tube and the surrounding medium is enough to produce

opacity. " This slight difference is quite within the order

of temperature variations which must occur inevitably in

the waters of lakes and seas. It makes us see that the

tint cannot be the same in the zones exposed to the sun's

rays and in the zones situated in the shadow of a cloud or

a mountain. The water which receives the rays of the

sun must appear more luminous not merely because of the

greater amount of light which falls upon it but also

because the solar energy makes the water less transparent

than that in the shade. If the wind blows unevenly over

the surface of the water, differences of the same order may
be noted. The wind causes evaporation which lowers the

temperature of the water, thus neutralising the convection

currents due to the heating by the sun's lays, and making
the water appear more transparent, or less illuminated.

This accounts for the difference in tints to be noticed on

the surface of lakes and seas, differences which indicate to

some extent the direction of the. wind."

(To be continued).

BOARD OF TRADE ANNOUNCEMENTS.

Standard for the Measurement of Electricity.

The Board of Trade announce that the coils and instru-
ments referred to in the Schedule to the Order in Council
of January 10, igio, which approved the several denomi-
nations of standards set out in that Schedule as denomi-
nations of standards for the measurement of electricity

will on and after May 8, 1919, be deposited at the
National Physical Laboratory, Teddington, Middlesex,
instead of at the Board of Trade, Standardising Labora-
tory, 8, Richmond Terrace, \Xhitehall, London. All
communications respecting Electrical Standards and in-

struments for test should on and after May 8, 1919, be
sent to the Director of the National Physical Laboratory,
Teddington, Middlesex.

Supply of Goods to the Rhine Territories.

The Board of Trade have extended their General
Licence authorising, on certain conditions, the supply of
goods to the territories on the left bank of the Rhine in

the occupation of the Armies of the Associated Govern-
ments, so as to cover, on the same conditions, the supply
of goods to the occupied districts on 'he right bank. As
regards both banks of the Rhine, ap^^lications should be
made to the Export Licence Department, 4, Central
Buildings, Westminster, S.W. i, in respect of goods re-

maining on Section "A" or"B"of the Prohibited List
which it is desired to de>pat(.h to the occupied areas
(including Luxembourg). Goods on Section " C " of the
Prohibited List do not now require a licence for export to

the above-mentioned territory, provided in the case of
shipment via Holland, they are first consigned to the
Standard Bank of South Africa, Rotterdam. Goods on the
"free" list may continue to be exported free of all

restrictions. No import Permit from the Authorities in

the occupied areas is now necessary, and the Notice on
page 457 of the Board uf Trade jfouriial of April 3, igrg,
is therefore cancelled.

Dye Industry

The Board of Trade desire to give notice that, in

accordance with the procedure laid down in the White
Paper (No. Cd. 9194) setting out the scheme for affording
State Assistance to the Dye Industry, the Trade and
Licensing Committee have nominated the following gentle-
men as the Licensing Sub-Committee tn deal with all

questions relating to the administration of the Prohibition
of Import (No. 29) Proclamation, rgig, prohioiting the
import of dyestuffs, &c., into the United Kingdom, viz.,

Mr. W. E. Kay (Calico Printers' Association, Ltd.) ; Dr.
A. Ree (Association ot British Chemical Manufacturers)

;

Mr. J. Turner (British Dyes, Ltd.) ; Mr. Thorp Whitaker
(Bradford Dyers Association, Ltd.). The Chairman of
the Trade and Licensing Committee (Lord Colwyn) is also
the Chairman of the Licensing Subcommittee. The
offices of the Licensing Sub-Committee are at Danlee
Buildings, 53, Spring Gardens, Manchester, and any com-
munications should be addressed to the Secretary (Mr. W.
Graham) at that address.

Import Restrictions.

Tuc President of the Board of Trade, after duly con-
sidering the recommendations of the Consultative Council
on Imports, has given the following further directions in

regard to the Prohibitions of Import :—The restrictions
on the importation of the following goods are to be
re.p.oved :

—

104. Bronze powder.
105. Waste or Scrap Rubber.

143. Glassware (including bottles and jars) other than
scientific glass and glassware, machinery glass and
glassware, machinery glass and glassware, optical
glass and manufactures thereof, mineral lamp
glasses, and miners' electric lamps are to be ad-
mitted a the rate of 50 per cent of 1913 imports.
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Applications for special licences should be made as usual

to the Department of Import Restrictions, 22, Carlisle

Piace, London, S.W. i.

Flax Control Board.

The responsibility for the Flax'Conlrol Board has, by a

decision ol the Cabinet, been transferred to the Board of

Trade as from April i. The present members of the

Board are being invited to continue to act, with the fol-

lowing amended terms of reference :
—

" To promote and co-ordinate arrangements, whether by
Government Departments or by private enterprise, for the

supply and distribution' of Flax, Flax Seed, and Flax
manufactures for Government aud Civilian purposes and
to take such measures as may be necessary in regard
thereto."

All communications with regard to the work of the

Board should be addressed to Mr. P. Guedalla, Caxton
House, Tothill Street, S.W. i.

Motor Spirit Licences.

On and after May 17, igig. Motor .Spirit may be pur-

chased without the production of a motor spirit licence.

Any holder of a full-duty or half duty motor spirit

licence who has not been supplied with the total amount
of motor spirit authorised to be supplied by bis licence

may apply to the Petrol Conirol Department for an appro-
priate repayment of duty, and such application must be
accompanied by the licence in respect of which repay-
ment is claimed. Repayment will not be made in respect
of loose vouchers.

Applications for repayment should be made as soon as
possible after May 16, 1919, and addressed to the Petrol

Control Department, 19, Berkeley Street, London, W. i.

Free of duty motor spirit licences need not be returned
to the Department.

PROCEEDINGS OF SOCIETIES.

SOCIETY OF PUBLIC ANALYSTS AND
OTHER ANALYTICAL CHEMISTS.

Ordinary Meeting, May 7, 1919.

Dr. Samuel Rideal, President, in the Chair.

Certuicates were read for the first time in favour of

Messrs. Andrew Mote, F.I.C.
; John Haworlh, F.I.C.;

and H. T. Lee, M.Sc, A.I.C.
Certificates were read for the second time in favour of

Messrs. Charles Frederick Lee Barber, A.I.C. ; George
Stanley Withers Marlow, B.Sc, F.I.C; and Frederick
William Read.
The following were elected members of the Society :

—
Messrs. Madanlal Jekisandas Gajjar and James Sorley,
F.I.C.

The following papers were read :

—

" The Analysis of Mercury and Zinc Cyanide and of
Double Cyanide Gauze." I3y T. F. Harvey, F.I.C,
and F. Macklev.

Double cyanide gauze, so extensively used for field

dressings during the war, is prepared by impregnating
large rolls of gauze with a previously prepared paste con-
taining about 50 per cent of mercury and zinc cyanide.
Rapid methods of analysis used by the authors for the
control of both paste and finished gauze are described.

" The Estimation of Small Quantities of Antimony."
By W. Beam, M.D., F.I.C, and G. A. Freak, B.Sc,
F.I.C.
The process is a modification of that proposed by

Schidtowitz and Goldsbrough, and consists in depositing

the metal on a strip of copper-foil as in the Reinscb test,

dissolving the antimony in a boiling alkaline permanganate
solution, reduction with sulphur dioxide, and conversion
of the antimony into colloidal trisulphide in the presence
of gum. Colorimetric comparison is then made with
solutions prepared from a standard potassium antimonyl
tartrate solution.

'•Studies in Steam Distillation." (Part VI.). By H.
Droop Rich.mond, F.I.C.

" The Detection of Cocaine, Heroine, and Veronal."
By P. A. Ellis Richards, F.I.C.

ROYAL MICROSCOPICAL SOCIETY.
Ordinary Meeting, April 16, 1919.

Mr. J. E. Barnard, President, in the Chair.

" Chemistry of Dendritic jrowths in Paper." By James
Strachan.
The formation of these interesting and curious growths

was formerly attributed to the oxidation of a particle of

bronze or brass included in the sheet of paper during
manufacture. Subsequent investigations have proved,
however, that the chemical reactions producing these
growths are more complex. The particle of bronze is

attacked by chemical residues in the paper, chief among
which is sulphate of aluminium, with the formation of

soluble sulphate of copper. The latter creeps along the
fibres in solution. The sulphate of copper is then reduced
to insoluble black sulphide of copper, which constitutes
the majority of recent dendrites in paper. This sulphide
is further oxidised again to sulphate, and so by alternate
oxidation and reduction insoluble copper compounds may
be deposited along the fibres. The final action in old

dendrites is oxidation resulting in the formation of basic
copper sulphate. The chemistry of these growths is im-
portant in that they indicate, by secondary reactions, the

nature of chemical actions taking place in the deteriora-

tion of paper during ageing, in which the cellulose is

attacked by chemical residues from various sources. A
new micro chemical test for the detection of copper sul-

phide consists in the application to the dendrite of a solu-

tion containing the double cyanide of potassium and
cadmium. The black copper sulphide dissolves, but is

exactly replaced by a brilliant yellow pseudomorph ot

cadmium sulphide, forming a yellow dendrite. The
principle of this mode of testing by replacement appears to

be capable of further applications in micro-chemical
manipulation.

" On Folliculina boltoni, S. Kent." By Dr. E. Penard.
In spite of recent statements to the contrary, the genus

Folliculina is undoubtedly represented in fresh water, and
the vermiform bodies (described as Lagynus ocellatus by
Daday) represent, as already suspected by several authors,

though contradicted by others, a free-swimming form pro-

duced by a metamorphosis of the whole individual.

FARADAY SOCIETY AND RONTGEN SOCIETY.
(Joint Meeting).

A joint meeting of the Faraday Society and the Rontgen
Society was held at the Rooms of the Royal Society,

Burlington House, on Tuesday, April 29, for a discussion

upon the "Examination of .Materials by X-rays."

Sir RoHEKi IIaumeld, F.R.S., opened the discussion,

and also read a paper by himself and Messrs. S. A. Main,
B.Sc, and J. Brooksbank, B.Sc, dealing with the

absorption of X-rays by different kinds of steels and the

examination of carbon electrodes used in steel making
furnaces.

Prof. Bragg gave a short address on the general

principles governing the production of X rays, and many
other important papers were read, dealing chiefly with the
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examination of metal castings and forgings with a view to

revealing defects such as craclts, blow-boles, &c.
A paper by Major G. W. C. Kaye (ex-Pcesident of the

Rontgen Saciety) attracted great attention. The subject

was the examination of timber by X-rays, and many
photographs were shown of the woodwork of aeroplane

construction, and many unsuspected serious defects came
to light. This method of examination has been of very

great value during ths war.

Other valuable papers were contributed, of which we
hope to give an account in a later issue.
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FIFTH NATIONAL EXPOSITION
OF CHEMICAL INDUSTRIES, CHICAGO.

During the week of September 23 to 27, inclusive, there

will be given in the Coliseum and First Regimenl
Armory in Chicago, United States of America, the Fifth

National Exposition of Chemical Industries. This is the

fifth annual exposition, the four previous ones having been
given at the Grand Central Palace in New York.

The Advisory Committee and the management of the

Exposition extend to all the chemists of Great Britain, and
manufacturers v/hoss industries are based upon the

chemical science as well as those interested in chemistry

are invited to attend the Exposition. To visitors from
this country they extend every facility and courtesy. They
advise that there are in Chicago, a city which is a great

metropolitan centre, and at the same time a great railroad

centre, ample and comfortable as well as pleasant hotel

accommodations.
The Advisory Committe of the Exposition is composed

of ;—Charles H. Herty, Chairman, Editor journal 0/ In-

dustrial and Engineering Chemistry ; Raymond F. Bacon,
Director, Mellon Institute; L. H. Baekeland, Member
Naval Consulting Board ; W. D. Bancroft, President

American Electrochemical Society ; Henry B. Faber, In-

dustrial Filtration Corporation ; Ellwood Hendrick, Pre-

sident the Chemists' Club ; Bernard C. Hesse, Chemist,
General Chemical Co. ; A. D. Litlle, President Arthur D.
Little Inc. ; Wm. H. Nicholas, President American
Chemical Society ; R. P. Perry, Vice President the Bairett

Co. ; H. C. Parmelee, Editor Cliemical and Metal-

lurgical Engineering; G. W. Thompson, President

American Institute ot Chemical Engineers ; T. B. Wagner,
United States Food Products Corporation ; M. C.

Whitaker, President U.S. Industrial Chemical Co. ; and
Charles F. Roth and Fred \V. Payne. There is also

added a special Chicago committee consisting of L. V.
Redman, W. D. Richardson, A. V. H. More, Carl S.

Minor, F. W. Willaid, and Wni. Hoskins ; the managers
are Charles F. Roth and Fied W. Payne, and the general

office is at 417, South Dearborn Street, Chicago, Ills.,

U.S.A.
Speaking of the National Exposition of Chemical In-

dustries they say that in the war preparedness of America
the part performed by this Exposition was considerable.

It wat. organised in the early days of the great war when
America felt so greatly the need of chemicals in the form
of dyes, medicinals, industrial chemicals and machinery,
and equipment of all kinds. It took an active interest in

the natural resources of the country, gathering together

specimen exhibits of what the country contained, and
brought to its halls the captains of industry and iinance,

out of the meeting of which with the raw materials and
machinery that were shown came those great plants to

manufacture the Bnisbed products that took so active a

part in America's v/ar programme as well as well as her

domestic industries. Thus the Exposition has been the

stimulus of the remarkable period of chemical development
in America ; the serious shortages in medicinals and dye-

stuffs have been rapidly m„Jegood, textiles have been im-

proved, food preservation put upon a better basis, the field

of electro chemistry expanded, the metallurgical industries

enlarged, and the manufacture of machinery, apparatus,

and innumerable pieces of equipment, both for plant and
laboratory, promoted and forwarded. The policy of the

Exposition has been uniformly the serious task of

enriching the country through the chemical industries,

and has never sought popular favour by frivolous display
or attractions.

America so well provided in her own industry holds and
shows in this Exposition much of value and interest to

British industry. With each succeeding year the practice
has steadily grown among the exhibitors of withholding
until Exposition week any new improvements ot products
developed during the year. All such recent developments
made because of the exigencies of the war will have their

public inception this September, and it is fair to predict that

many things of exceptional interest will be shown ; there

is already an intimation from some sources that numerous
new things will be released. The exhibitors' displays are
always accompanied by the best technical men from the
plants, who devote their entire time during the week to

discussions of important technical details connected with
the construction of plants, the installation and use of

machinery on display, or the application and purposes o
the numerous products without which the chemical and
dependent industry would be at great disadvantage.

Of machinery, the displays consis of actual operating
exhibits working upon materials and under conditions
such as are found in any plant, and such operations on a
large scale as cannot be shown are explained and carried
before visitors by pictures in motion.

During the week of the Exposition there will be held, in

the Exposition Buildings, annual meetings of the American
Institute of Mining Engineers, the American Electro-
chemical Society, the American Ceramic Society, the
Technical Association of the Pulp and Paper Industry,
and the American Chemical Society is co-operating with
the Exposition.

The previous Expositions have had an attendance of

over a hundred thousand persons interested in the Exposi-
tion, with visitors coming from every point in the world.
The present indication of the interest of scientific and
business men in the Exposition, as evidenced by thsir in-

terest in the society meetings just held, is expected to be
a record-breaking attendance.
At this preliminary writing there are already 279 names

on the register of exhibitors, nearly as great a number as
at last year's Exposition.

While the programme of the Exposition is not yet
announced there is every indication that it will be an
exceedingly interesting and engaging one, and the whole
Exposition as great a stimulus as during the early war
period when its influence was so greatly needed.

NOTES.

New Kaolin Deposits.—New strata of kaolin have
been discovered in the island of Bornholm. Temporary
investigations indicate that the deposits are rich and that
the quality is of the very best.

—

(Berlingske T., Mar. 20. ni.,

igig).— Technical Supplement.

Benzole Motor Spirit.— In view of the increasing
demand for benzole as a motor fuel the Commercial
Motor Users Association (Inc.) has just issued a list of
suppliers of benzole motor spirit throughout the country.
The list, which has been compiled by Capt. F. G. Bristow,
General Secretary of the Association, in conjunction with
the National Benzole Association, is arranged in counties,
and gives the name of the town, the address of the depot,
and the hours during which benzole may be obtained. A
copy of the list may be obtained, free of charge, on appli-

cation to Capt. F. G. Bristow, General Secretary, Com-
mercial Motor Users Association, 83, Pall Mall, London,
S.W.I.
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The Wah and Molybdenum.—The war h-ad a marked

elTecl m stiinuUtmg the production of molybdenum. On
the outbreak of hostilities the price of molybdenite sud-

denly rose, and in a remarkable degree, the reason

apparently being that Garmany, aware of the impossibility

of laying up enough tungsten, was buying molybdenite to

take Its place. During the war both England and France

found themselves short of tungsten, and they, too, had

recourse to molybdenum in the production of highspeed

steels. The French used molybdenum in the breech-

blocks of some of their field guns, but never, it appears,

in shells, armour-plate, or gun linings. Later in the war

it was proposed to make armour plate containing molyb-

denum, and contracts were entered into in America to

produce such plate. Steel companies were parties to large

contracts for molybdenum ; but before the steel was

actually put to use the war ended. One of the companies

concerned used molybdenum, to the extent of less than

I per cent, in making crank-shafts and connecting rods

(or Liberty motota.—iEiigiiieemig and Mining Journal,

Match 15, igic)).— Teclfii:a<. Siipf'Ununt.

German Iron Industry without" Minette" Ore.—
The loss of the Briey Basin, with its immense deposits of

rich iron ore, locally known as " Minette," is a staggering

blow to the iron industry of West Germany. Germany

has in recent years built up a great iron and steel industry,

of which the principal centre is the Rhenish-Westphalian

districts. It is affirmed that on that industry one-tenth of

the population of Germany subsists. But the home pro-

duction of ore has not kept pace with the output of finished

iron, SO that more than half of the requirements of the

blast-furnaces has had to be imported, many foreign

sources having been drawn upon. The ending of the war,

so disastrous for Germany, has shaken this great industry

to Its foundations. Tht minttte of Lirraine is henceforth

unavailable. What this means to the industry of the

Rhineland will be understood if we consider the fact that

out of the 28-6 million tons of ore used in 1913, 21 million

tons came to the works from Lorraine. France, which

before the war was rich in iron ore, is now likely to become

the richest in Europe, thanks in large part, the writer adds,

to German intelligence and enterprise. For since 1870 the

minette deposits have been brought into their present pro-

ductive state under German manaeiement. German manu-

facturers must, therefore, set themselves to work the

poorer ores of the country and carefully conserve all

setup.—(Chemiker-Zeitimg, March 12, iq:g).—Technical

Supplement.

DvE-STUiFS.—Dominion Products.—In accordance

with the policy of removing as far as possible restric-

tion on the import of goods from the Dominions, the

Trade and Licensing Committee have issued a general

licence covering the importation into the United Kingdotii

of dye-stuffs, and other products covered by the Probibi

tion of Import (No. 29) Proclamation, which are of bona-

fide Dominion origin. The Prohibition referred to was

given in the issues of the Journul of February 27 and

March b.—Doard of Trade Journal.

Benzol for the Dye Industry.—The Board of

Trade desire to draw the attention of dye manufacturing

firms to the fact that they aie in a position to supply

quantities of pure benzol for dye making purposes delivered

ex storage tank at various centres at is. gd. per gallon.

As the supply is limited, it is desirable that inquiries, even

if for forward delivery, should be made at once. All

orders should be addressed to the Commissioner for Dyes,

Board of Trade, 7, Whitehall Gardens, London, S.W. i.

—Board of Trade 'journal.

Withdrawal or the Black Lists.—The Foreign

Trade Deiiartment of the Foreign Office announce that the

Allied and Associated Governments have decided that

after midnight, April 28—29, all Black Lists of firms and

persons which they have published or compiled shall be

withdrawn, and that all disabilities attaching to trade and

communication with firms or persons on such lists shall

cease to operate. The Allied and Associated Govern-
ments reserve the tight to reintroduce all or any of such
Black Lists should such action become necessary. -Board

of Trade Journal.

Bites 01 Rabid Dogs.—The Local Government Board
has issued a memorandum regarding the steps to be taken

by persons who are bitten by dogs suspected to be rabid.

The first part is especially interesting to chemists. The
memorandum states:—The wound should be treated as

soon as possible with undiluted carbolic acid, or with

undiluted izal or similar disinfectant. The disinfectant

should be allowed to come into contact with all parts of

the wound, and should then be washed out with water or

dilute disinfectant. If no disinfectant of the kind is avail-

able the wound should be thoroughly washed and

irrigated with hot or cold watei. Where it is possible to

get the imin::diate services of a doctor the treatment should

be placed in his hands. Persons bitten by stray dogs or

by dogs exhibiting unusual behaviour should at once in-

form the police with a view to the necessary inquiries

being made. By arrangement with the Board of Agri-

culture and Fisheries the names of all persons known to

officers of that Department or to the police to have been

bitten by dogs suspected of being rabid will be com-
municated at once to the medical officer of health of the

district in which the bitten persons live. The Board of

Agriculture have undertaken to advise the Local Govern-

ment Board whether the symptoms in the dog are suffi-

ciently suspicious to justify antirabic treatment before the

confirmatory diagnosis is available, and this information

will similarly be forwarded to the medical officer of health.

In any case a definite decision for purposes of treatment

will be available twenty-four to twenty-eight hours after

the material for diagnosis from the dog has been received

by the Board of Agriculture and Fisheries. When the

medical officer of health is satisfied that anti-rabic treat-

ment is essential, and has ascertained that the person

bitten is prepared to begin the treatment, he should com-

municate with Dr. Dudgeon. Dcpirtment of Pathology,

St. Thomas's Hospital, WestMiinster Bridge. London.

Dry Cell.—French Patent No. 487,645 of A. Heinz

describes a form of dry cell that may be stored per-

manently without deterioration. The positive electrode

of manganese dioxide and graphite is enclosed in a tube

of zinc, forming the negative electrode. The zinc tubs is

closed at iis end by cardboard caps, and a hole is pro-

vided at one end to introduce the electrolyte just before

the cell is put into service. The two electrodes are

separated by a tube composed of paper mash boiled in a

solution of carbonate of soda and then compressed.

This tube is provided with a series of vertical slits. -

(Revue Geniralc de I'Electricite, March 29, 1919).—
Technical Supplement

An .Appreciation.—When the United Stales came into

the war. we promised, rather too rashly, to produce some
20,000 planes, perphaps in a ye.ir. but certainly within two

years. We didn't do it. Great Britain made no promises,

but what she did, though apparently little known, is far

more than we promised to do. .\t the beginning of the

war Great Britain's capacity for manufacturing airplanes

was not greater than 100 per year. At the time the

armistice was signed she was turning out planes at the rate

of 800 a week ! In other words, her production possi-

bilities were demonstrated to be in excess of 40,000 planes

a year! Think of that, and remember that it is not

America, with her limitless resources of men and money
and factory and raw material, but the British Isles, with

their very much limited man power, material resource,

and steel industry, which not only built the planes but

engined them. And then, as do all other fair-minded

Americans who get the actual facts, take off your hat

and bow in deep respect to a nation we of America are

rather too apt to consider slow and old fashioned in

methods when it comes to factory production.— Si:(>«/»A"c

American.



Chemical News, |

May i6, igig I
Notes from Foreign Sources. 239

NOTES FROM FOREIGN SOURCES

Polymerisation of Formaldehyde by Alkalis.—C.
Mannich.—It has already been shown that when alkalis

act on formaldehyde either formic acid and methyl alcohol
are formed, or else aldol condensation, resulting in the
formation of " formoses," ensues. The author has found
that another reaction may occur, namely, the formation of

a polymer of formaldehyde, which separates as a white
crystalline mass when moderately concentrated alkalis act

at the ordinary temperature on 30 per cent formaldehyde
solution. The analysis and the properties of the substance
show that it is a polymeric foimaldehyde. Auerbach and
Barschall have already pointed out that when con-
centrated sulphuric acid acts on formaldehyde solutions
four different polyoxymethylenes are obtained. The a-

and ^-modifications are soluble in sodium sulphite, while
the y and S forms are insoluble. The a- and /5-modifica-

tions are distinguished by their crystalline form and by
their behaviour when bailed with water ; only the a form
is readily soluble in water. The polymerisation product
obtained by the author so closely res,embles apolyoxy-
methylene that there can be no doubt that it is identical

with a.— Be". Dent. Clwin. Gi'sellschaft, igig. Hi., 160.

New IMethod of Determining Oxalic Acid —Hugo
Krause. -The method described by the author has the

advantages of being very rapidly performed and requiring

only simple apparatus. It can usually be carried out
directly, since it is not afTected by the presence of other

organic or inorganic acids. The substance must be used
in solid form The method depends upon the conversion

of oxalic acid into carbon monoxide, the volume of which
is determined gasometrically. This reaction is well known
to be brought about by the action of concentrated sulphuric

acid, but it is not as generally known that acetic anhydride
produces the same effect with great-ease and rapidity, and
quite quantitatively. When free oxalic acid is p.esent an
amount corresponding to about 01—0-3 grm. of oxalic acid

isweighedout in a wide test-tube, fitted with inlet and outlet

lubes and a small dropping funnel. Carbon dioxide is led

in, and the outlet tube is connected with a Schiff's azoto-

meter containing a 50 per cent caustic potash solution.

After all the air has been expelled about 5 cc. of acetic

anhydride is introduced through the funnel, and the test-

tube is immersed in water at 50—60^ which is rapidly

heated until it boils gently. The volume of the carbon
monoxide liberated is determined in the azotometer, and
hence its weight is calculated. The method has to be
modified somewhat if the oxalic acid is present as oxalate.

If the oxalate is soluble in water it is simply dissolved in

15 per cent hydrochloric acid and then evaporated in the

test-tube until a damp crystalline mass is obtained, which
is treated as before. If insoluble oxalates are present they
must be decomposed by using anhydride which contains
sulphuric acid. In this last case the accuracy of the result

is affected by the presence of malic acid and lactic acid.

—

Ber. Deul Chem. Oesellschaft, 1919, lii., 426.

Bromfluorpropylethyl Ether and Fluorallylethyl
Ether.—F. S varts.—The substance used for the prepara-
tion of these two compounds was the ethyl ether of

asymmetric dibromhydrine, obtained by the fixation of two
atoms of bromine on allylethyl ether. It is best to work
at a low temperature, and to dilute the allyl ethyl ether with
an indifferent solvent. When mercurous fluoride acts on the

ethyl ether an atom of fluorine displaces one of bromine.
The temperature must be kept at 160— 170° for a day, and
then raised gradually to 200°, and the reaction is com-
plete in two days. During the action hydrofluoric acid and
hydrobromic acid are evolved, and a carbonaceous product
is left after distillation. A small quantity of the difluor-

hydrine, CH2F—CHF—CH^-O—C2H3. is also formed.
When bromfluorpropylethyl ethtr is subjected to the action

of sodium methylate it losesamolecule of hydrobromic acid,

and is transformed into fluorallylethyl ether. It is a very
mobile liquid, having an odour resembling that of all the

allyl

acid.

compounds. Wnen oxidised it yields fluoracetic
and hence its formula mu5t be

—

CH,

CF and not

CHF
II

CH

of

be

CHjOCiHj CH2OC2H5
which would give acetic acid. The formula
the bromfluorpropylethyl ether must therefore
CHaBr-CHF-CHa-O-C^Hj. Fluorallylethyl ether
readily combines with bromine, and the dibrom fluor-
propylethyl ether obtained can be distilled without under-
going decomposition, which is an example of the effect
fluorine has in rendering a compound stable, for the ethyl
ether of dibromhydrine cannot be distilled under atmo-
spheric pressure without undergoing decomposition.^

Bull. Soc. Chim. ds France, igig, xxv.-xxvi., 103.

Researches on Mercury Fulminate and some of its
Impurities.—Paul Nicolardot and Jean Boudet.—Hypo-
sulphite of ammonium and of sodium are both good
solvents for mercury fulminate, and might both be used ij
test for impurities in the fulminate which are not soluble in
them. Tbe authors have systematica'y studied the action
of the two hyposulphites, and of potassium cyanide upon
the various impurities which might be present in the
fulminate, such as mercurous or mercuric nitrate, mer-
curous or m-jrcuric oxalate, and metallic mercury. The
results show that hyposulphite is superior to cyanide, for
the salts of mercury other than the fulminate are trans-
formed by the hyposulphite into insoluble compounds,
while under the action of cyanide they may go iuto solu-
tion and may be regarded as fulminate when the mercury
is determined by electrolysis. Co.iimercial mercury
fulminate may contain a high proportion of impurities,
and the authors regard Brounsdon's method of controlling
the analysis of fulminate as very useful (Chemical News,
1904, Ixxxix., 303). The following method of treating the
residues in the manufaciure of fulminate is simple and not
expensive:—The fulminate contained in the residues is

extracted by a solution of hyposulphite, the solution is

separated off, acidified with a little sulphuric acid, and
boiled. All the mercury then separates in the form of
insoluble sulphide, which is filtered off. The mercury is

recovered by distllation with Wme. -Bull. Soc. Chim. de
France, igig, >xv xxvi., itg

Catalytic Dehydrogenation by Nickel in presence
of Hydrogen.— Paul Sai-aiier and Georges Gaudion.

—

fne hydrogenation of benzene hydrocarbons over nickel
It a temperature of about 180° gives the corresponding
cycloformic hydrocarbons. Thus, pinene yields the
dihydride without any accessory reactions. But if the
temperature is raised a different reaction occurs, if

pinene and hydrogen are led over a column of liquid at
about 350—360" a liquid is obtained which is hardly
affected by sulphuric acid, but is energetically attacked by
a sulpho-nitric mixture. This liquid consists of a mixture
of benzene hydrocarbons (cumene and cymene) and a
saturated hydrocarbon not attacked by the sulpho-nitric
mixture. The density and absence of rotatory power
indicate that it is a menthane and not pinene. Thus,
hydrogenation and dehydrogenation occur simultaneously,
but the presence of hydrogen is indispensable in order that
the reaction may take place—without hydrogen a mixture
of terpenes is obtained, arising from the isomerisation of
pinene by heat, which is facilitated by the presence of
nickel. Other compounds besides pinene undergo the
same changes. Thus, limonene gives a little saturated
hydrocarbon, but nearly all the product is a mixture of

cymene and cumene. Camphene gives analogous results,

and menthene revert respectively to cymene and benzire.
Tne same reaction has also been applied to oxygen com-
pC'Unds, and cyclohexanol, for example, has provided a
regular yield of phenol. This method of dehydrogenation
in presence of nickel can advantageously be applied to the
production of benzols from tecebentbene, while the hydro-
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genation' at lower temperatures (about 180—200°) gives

only cyclones and formic hydrocarbons.

—

Comptes Rendus,

igig, clxviii., 670).

Utilisation of Glucose and LjEvulose by the Higher
Plants.— H. Colin.— It is known that the composition

of the reducing sugar in the beetroot leaf differs in the

lamina and the peliole. The ratio of de.xtrose to lajvulose,

often less than one in the leaf parenchyma, increases all

along the medial vein and through the petiole. The same
phenomenon is' observed in chicory leaves and in most
leaves with a fleshy petiole, which do not contain any
carbohydrate except crystallisable sugar and the products

of its hydrolysis ;
glucose is present in excess over

laevulose in tissues which contain no chlorophyll. The
etiolated leaves of beetroot, grown in absence of lighl,

showed an excess of glucose, and also the subterranean

parts of Jerusalem artichoke and the colourless leaves of

chicory. It is simplest to suppose that the dextrose and

liEVulose migrate with unequal velocities and are utilised

at unequal rates. The concentration of the hexoses in

the cells is too low to allow of any appreciable difference

in the viscosities, and consequently in the rates of dif-

fusion. In these cases the dextrose is consumed less

rapidly than the Izevulose by the cells, and it is convenient

to adopt the hypothesis of Brown and Morris according

to which glucose undergoes combustion in the cell in pre-

ference to lasvulose, which goes to build up the tissues.

It is known that respiration is less energetic in the petiole

than in the lamina and in etiolated than in green leaves.

—

Compies Rendus, 1919, clxviii., 697.

Spon.aneous Ignition of Mixtures of Air and Ether
Vapour. — E. Allaire.—The author has studied the con-

ditions governing the ignition of air and ether vapour,

using a special apparatus by means of which the pro-

portions of the two gases could be varied as desired. The
apparatus consisted of a force pump driving air into a gas

meter, the measured volume of air passing on into a tube

in which it was mixed with ether vapour, obtained by the

volatilisation of ether from a tube surrounded by a wire

electrically heated. The pure ether was measured with a

burette. Thus the pcopoition of ether at 0° and 760 mm.
could easily be calculated if the temperature and pressure

were known. The gaseous mixture was led into a U-tube,

one limb of which was furnished with points like a

Vigreux tube and having an opening through which a

thermometer could be introduced into the bend. The
whole tube was immersed in an oil bath. Various

catalysts, such as oxides of iron, copper, nickel, &c.,

were tried, but it was found that they had apparently no

influence on the phenomenon, and the mixtuie ignited

spontaneously at about 190°, when the amount of ethtr

present was about i grm. per litre. The flame was pale

blue, and visible only in the dark, and the products

obtained were ethyl and methyl aldehydes and carbonic

and acetic acids. No reaction took phce before ignition

occurred. A knowledge of this phenomenon explains the

occurrence of accidents in factories and workshops in

which ether vapour may spread accidentally in large

quantities. It might be possible, by modifying the con-

ditions of the experiment and by using tubes of greater

diameter, to bring about ignition at lower temperatures.

—

Comptes Rendus, 1919, clxviii., 729.

Formation of Troostite at a low Temperature in

Carbon Steels, and the Influence of the Temperature

of Emersion in Interrupted Hardening.—MM.
Pottevin and Garvin.—The authors have investigated

cases of interrupted hardening, or hardening of limited

duration, when the specimen was rapidly withdrawn from

the hardening water at a temperature which is called the

temperature of emersion. They have thus observed the

formation of troostite at a much lower temperature than

usual, but always with a marked characteristic re-

calescence. When the rate of hardening is decidedly

greater than the critical rate, recalescence is observed at

temperatures down to about 450°. If the rate of harden-

ing is lower than the critical rate, recalescence being
already produced at a high temperature in the period of
rapid cooling, troostite (or perlite) is always found, and
the position of the temperature of emersion does not
appreciably affect the structure or the hardness.

—

Comptes
Rendus, 1919, clxviii., 73r.

Spectral Structure of the J-Rays.— R. Ledoux-
Lebard and A. Danvillier.—Barkla and Miss White have
recently announced the discovery of the existence of a new
series of X-rays, obtained by the absorption method with
the lightest elements (C, O, and Al) and coming imme-
diately above the K-rays in the scale of frequencies. It

is interesting to study their spectral nature, which is

possibly simpler than that of the K series, which com-
prises four monochromatic radiations. The oniy element
which has the smallest atomic number (N = 5), and at the
same lime has physical properties which enable it to be
used as anticaihode, is boron, and moreover by extra-

polation from the results of Barkla its J rays sh.:;uld fall

in the absorption band of silver, so that the study of its

rays by the photographic method is specially indicated.

The authors have performed this investigation and find

that the continuous spectra are very regular, the K dis-

continutles of bromine and silver being very clear. No
ray of wave-length in the neighbourhood of A = 0-43 A. U.
nor even contained in the interval i'0<A>'0'2 A.U.
could be detected, which is a remarkable fact for an
element of atomic weight lower than those of the gases
of the air. If the J-rays of boron are emitted with an
appreciable intensity in proportion to the continuous
spectrum they constitute a single ray which coincides with
the K discontinuity of silver. — Cohi^/« Rendus, 1919,
clxviii., 608.

MEETINGS FOR THE WEEK.

Saturday, May 17.

Royal Institution, 3. "Ciuiar's Personal Character as seen
in his Commentaries,'' by Dr. J. Wells.

Monday, May 19.

Institute of Melals, 8. (Ninth Annual May Lecture).
" Radio activity," by P.of. A. Soddy.

Royal Geographical Society, s. " U-ts of Geology in

War," by Capt. W. B. R. king.

Tucsdiy, May 20.

Royal Institution, 3. " British Ethnology—The People of

Ireland," by Prof. A. Keith.

Institution of Petroleum TechnolOi>ists, 5.30. " The
Chemi.^t and Engineer in relation to the Petroleum
Industry," by F. MolUvo Perkin and T. C. Palmer.

Wednesday, May 21.

Royal Society of Arts, 4 30. " Principles of Japanese
Disign," by S!r Francis Taylor Piggott.

Thursday, May 22.

Royal Society, 4. " Structure of Lysorophus as exposed
by Serial Sections," by Prof. W. J. Sollas. "Pre-
liminary Study of the Energy Expenditure and Food
Requirements of Women Workers," by O. Rosen-
hain. "Report on the Metabolism of Female
Munition Workers," by M. Greenwood, C. Hodson,
and A. E. Tebb.

Institution of Electrical Engineers, 5.30. " Electiical

Phenomena occurring in High Atmospheric Levels,"

by Dr. S. Chapman.
Royal Institution, 3. " Intensive Cultivation," by Prof.

F. Keebie.
Friday, May 23.

Royal Institution, 5.30. "Hubert Hastings Parry— His
Work and Place among British Composers," by Sir

Alexander C. Mackenzie.

Saturday, May 24.

Royal Institution, 3. " Cxsar as a General," by Dr.
Wells.
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ON ACQUIRED RADIO-ACTIVITY.*
By Sir WILLIAM CROOKES, O.M., LL.D.| D.Sc, &c.

(Concluded from p. 231],

Action of Radium E/iianalioit on Diamond and on other
Bodies.

31. After repeated observations on the action of radium
on various substances, it was seen that diimond behaved
differently to glass, quartz, and other materi.ils, especially
if the action of the radium had Deen continued for some
length of time. The following experiments were made to
see if definite light could be thrown upon this point. Some
plates and crystals of pure quartz, lead glass, Faraday's
boro-S'licate lead glass, and three diamonds were selected
—well cleaned, and exposed upon a sensitive film (or
twenty-four hours. On development it was seen that all
were inactive, except in the case ol tv.'o of the diamonds,
but from these the action was so slight as to be only just
visible upon the film. These objects were now laid upon
a table of clean platinum gauze and enclosed in an air-
tight glass vessel, together with an open bottle containing
pure radium brom.ide. They were allowed to remain ex-
posed to radium emanation (33I for iorty-eigbt hours

;

they were then removed from the chamber and laid upon a
sensitive film for twenty-four hours. Upon development
each object was found to be active and there was nothmg
to show that the three diamonds had acted differently to
the quartz or glass. The objects were now all boiled in
dilu'.e nitric acid and thoroughly washed in clean W3ter.
They were placed on a film and allowed again to remain
for twenty-four hours; on development it was seen that
practically the whole ol the " activity " had been removed—the two diamonds that originally were very slightly
active had, perhaps, gained a liitle, but all the other
objects had lost their ten.porary activity.

32. The experiments were still further extended. Two
fragments of lead glass and one diai.iond crystal that had
been buried in radium for over two years anil had become
deeply coloured, the diamond green and the lead glass
brown, were removed from the radium and cleaned as far
as possible with a dry brush. They were kept upon a fiini

for five days. On development the photograph showed
three equally dense black patches. The glass and diamond
were now boiled in dilute nitric acid, thoroughly washed,
laid upon a film, and kept there for eighteen hours. Upon
development the pieces of glass were seen to have almost
lost their activity—the dian ond gave a dense black im-
pression. The objects were now placed in a mixture of
fuming nitric acid and potassium chlorate and kept jjst
short of boiling-point for six hours, frequently removing
the weakened solution and adding fresh acid and chlorate
(3, 9, 12) ; they were then thoroughly cleaned, dried, and
laid upon a film for eighteen hours. On development the
glass blocks gave impressions slighly fainter than before,
while the diamond still gave a dense black image almost
as strong as before the treatment.

33. An examination with a zinc-sulphide screen showed
that the diamond caused brilliant scintillations from its

edges and corners and a few erratic scintillations could
be detected round each of the fragments of glass
(11, 17, 26, 27, 30). The net result of these experiments
is to show that, although the well-known condensation of
emanation (31) upon crystals and cbjscts gives rise to

• A Paper read before the Royal Society. From the rhitosopliinil
Irnnsaclwiis c/ the R'lyal So.ifiy, ccxiv., A, 521.

photographic markings of patterns as described in this
lesearch and in previous papers by Sir Ernest Rutherford
(" Distribution of the Intensity of the Ridiation from Radio-
i!Ciive Sources," Phil. .Mag., August, 1906) and other
"bservers, this superficial activity can be easily and com-
1
Utely removed by washing in dilute acids. The diamond

crystal — that hnd been rendered active by immersion in
dry radium bromide for some months in 1906 (17) and has
bren treated with acids, heated, and used in hundreds of
expifiments since— is apparently as active now as when it

was removed from the radium, and stiil pours out streams
of a-rays.

(fhese experiments are closely connected with those of
S.vinton, CoUsy, Ramsay, and others, who have shown
that helium is driven into the glass wills ol a vacuum
tube even by the slower moving cathode rays. The high
speed a-particles evidently are driven into the diamond,
below the molecular surface).

34. As in the case of diamond, a quartz gliss dish after
the action of radium retains its colour and activity, and
continues to give off a-, , and y rays. One-half
had a film of aluminium, 0035 mm. thick, interposed
between the dish and the sensitive plate. Vessels of pure
fused silica that hive been much used for the crystaliisa-
lion of radium salts become coloured a purplish lint,

similar to that assumed by soda glass in similar circum-
stances. On healing such a coloured vessel with a spirit
lamp to a temperature much below a red heat it suddenly
phosphoresces a bluish colour and at a red heat becomes
colourless.

35. A small eqailateral prism was cut from a block of
heavy glass (sp. gr. 3-87), pjlished on its three refracting
faces, but left rough ground on the triangular lop and
bot;om. It was put into a bottle and covered with dry
crystals of radium bromide for filteen hours. At the end
of this time it v;as removed, well washed, and placed on
a sensitive film, base downwards, for twenty-two hours.
On development a strong action was apparent with over-
flow radiation along the sides and the continuation ol the
faces in triangular lines, as observed by Sir E. Rutherford.

36. One of the rough ground bases of ihe prism was
now polished over the greater part of its suiface, leaving
a strip ol glass along one edge in its original unpolished
condition. This end was then laid on a sensitive film for
thirty six hours. 0;i the polished portion of the surface
there was absolutely no percepiible action on developing,
while the part left unpolished was highly active -as in the
first experiment with the prism.

37. Tne prism vyas now laid on a sensitive film on one
of its polished faces for twenty-four hours. On develop-
ment slight action was observed where the polished face
touched the sensitive surface and a much stronger over-
flow action with continuation of the edges of the prism
face in straight lines as mentioned above.

38. The same prism was tiken, and a diagonal scratch
made with a writing diamond across the same face that
touched the fihn in the last experiment. It was laid with
this face downwards on a sensitive film for tv/enty-(our
hours. On development ihe image showed action as
before where the face touched the film, but the line of
scratch where the surface of the glass had been abraded
by the diamond was blank, showing no action whatever.

39. A triangular plate, about i mm. thick, was polished
on its three edges, and kept in a bottle of solid radium
bromide for sixly eight hours, then laid on a sensitive film

for four hours. There was very little action to be seen on
development on the part where the face touched the film,

but there was strong action radiating from the edges, with
a continuation of the line of edge from each point. The
plate was now cut into two equal parts, and the two
halves, separated about a centimetre, were laid on a sensi-

tive film and there kept for forty-eight hours. On de-
veloping, it was seen that the action of the flat surface
was the same as before, but while the overflow action
from the original corners was also the same, there was no
action at all along the cut surface.
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40. A glass tube ibat bad contained 25 ingrms. of ladium

bromide was cut in half to remove the radium, and well

washed and boiled in acids. It was of a dark blue colour.

After being in a cabinet for many months the two halves

were laid on a eensiuve film in a ime, the cut surfaces

opposite each other sud -cparated about z mm. After

four hours' conlBCt the film was developed, when the

appearance presented that of a streaming brush discharge

from the two ends of each half—the part where the tubes

themselves rest!:d having made no impression.

Siiferficial Action of Radium on Mica.

41. Radium bromide baa been imported from the Conti-

nent in small ebonite boxes coveted with a disc of mica.

One of these discs was first well washed to remove any

adhering grains of radium salt -it was then split into

lour flikes. The upper flake, of a strong brown colour,

discharged the electroscope in three seconds. The next

film, also showing brown discoloration, required 35
seconds. The third film, not discoloured at all, required

twelve seconds, while the last film, which had been

furthest from the radium, required eighteen seconds for

discharge, showing that the greater part of the activity

was near the surface and corresponded with the coloration.

Action 01 X-rays on Diamond.

42. Experiments were instituted to ascertain how X-rays

afTiCted the diamond. A tray full of crystals of diamonds
was exposed to X rays from a hard tube, covered in card

and velvet so as to pr-vent interference from the lumino
sity of the gUss. Slost of the stones became luminous

—but in different degrees. Two stones specially were

Fig. I.

noticed. One large stone shone verybrightly, with a blue

tint, the other, smaller, was only just luminous. A sheet of

aluminium, 32 mm. thick, was now interposed in the

path of the X-rays, when the phosphorescence of the large

bright stone was considerably reduced, while that of the

small faint stone was not diminished at all.

Action oj $ rnys on Diamond.

These two diamonds were subjected to the action of

solid radium bromide, and the intensity of the phos-

phorescence thereby induced was seen to be of the same
character as that caused by the X-rays. An extension of

the t.\periment with radium, desciibed in the next para-

graph, showed that the eflect of phosphorescence was

mostly due to the fl-rays (10, ig, 26).

13. An apparatus (Fig. i) was fitted so that the active

raja from a bottle of radium bromide (a) should pass

through a tube drilled through a lead block (B), and

allowed to pass upwards on a diamond (c) supported on a

plate of aluminium, o 02 mm. thick. Tnis was arranged

between the poles of a powerful electromagnet, so that

the active rays from the radium should pass through the

hole and act on the diamond when the magnetism was off.

and be deflected from it when the magnetism was on.

A screen of barium platinocyanide put over the hole in

the lead block showed a circular spot of phosphorescence.
This luminosity vanished when magnetism was turned on,
and reappeared when it was turned of!, showing that the

luminosity on the screen was ehiifly due to tne /i-rays

(to, 70, 26). The two large and small diamonds used in

ihe Idst experiment were put side by side on the
aluminium, and the support go arranged that it could be
moved sideways to pet either stone over or away from the

bole in the lead J}lock. It was easy to see by small move-
ments of the support that, as in the case of the X-rays,

the large stone was much more phosphorescent than the

smaller stone. There was considerable residual lumi-

nosity, each of the stones continuing to glow with its

relative intensity when effectually removed from the

radium. Having found Ihe position of maximum bright- ^
ness for the large stone when over the radium, the current I
was turned on, so as to deflect the B-i^y-^. At once the

glow declined, and the residual phosphorescence faded.

On taking the current off, so as to allow the li-taya again

tJ come into action, the brilliancy increased again. Tnere
was no doubt as to the act'on, although the undtflected

7-rays and the residual luminosity tended to obscure the

observations.

44. The results described in this paper may be sum-
marised as follows :—Various objects, diamond, ruby,

garnet, quartz, gold, platinum, &<:., also the phos-

phorescent substances yttria, calcium sulphide, zinc

blende, and barium platinocyanide, are bombarded in a

high vacuum by cathode rays, and in no case can any
permanent activity be recognised either by photographic
or electrical means (t, 2, 3, 4, 5, 6, 7).

Exposuie to radium emanation confers temporary radio-

activity on all bodies that have been tried ; apparently

due to the condensation of the emanation on the surface.

This transient activity can be completely removed by
washing in dilute acids (31).

Many substances become coloured by direct exposure

to radium, the colour depending on the substance. Dia-

monds take a full sage-green tint, the depth depending on
the time of exposure to the radium (33).

In addition to change of colour diamond also becomes
persistently radio-active, continuously giving off a-, 3-,

and 7 rays. The acquired colour and activity withstand

the action of powerful chemical agents, and continue for

years with apparently undiminished activity (12, 31, 32).

Removing the surface by mechanical means removes
both colour and radio-activity (13. 16, 35, 37, 41).

The appearance of an auto-radiograph made by placing

an active diamond crystal on a sensitive photographic
plate, and the visual examination of its "scintillation"

luminosity, suggest that there is a special discharge of

energy from the corners and points of the crystal

(iS, 21, 23. 27, 33).

THE ANALYSIS OF PRUNE KERNELS.
By LUCIA FORDYCE and 15. M. TORR.ANCK

Is the work we use 50 grms. of kernels. These were
crushed, placed in a 230 cc. flask, connected with an
inverted condenser, and ether was added. They were
heated on the water bath for more than sixty hours, when
all the oil was extracted. The ether was then removed by
distillation.

To get rid of the last traces of ether the residue, mostly
oil, was placed in an open beaker and heated on the water-

bath for two or three hours. We obtained 21 grms., or

42 per cent of oil.

On cooling the oils two kind!) were found to be present.

They were placed in a freezing mixture, and at minus 5^'

one of them solidified. The other oil was drawn off

by means of a pipette and each was weighed. The oil

which solidified weighed 7'0I22 grms., and had a specific
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gravity of 09053, and the other which remained liquid

weighed 14 gems, and its epeclSc gravity was o giig.

To ascertain if the oils were volatile 3 cc. were left

standing.in the open air {or forty bouia. Tbers seemed to

be no loss in weight.

The saponification equivalent was found by treating a

portion of the oils with 30 cc. of normal caustic potash
solution in absolute alcohol. This was heated on the

water-bath for twenty hours with an inverted condenser,

when saponificaiicn seemed to be complete. It was then

titrated with normal hydrochloric acid.

The portion that solidified at minus 5" resembled palm-
nut oil. and bad a saponification equivalent of 2398. The
saponification equivalent of palm-nut oil is 241 and its

specific gravity is 9055.
The saponification equivalent of the liquid portion of

the oil was found to be 207-4. It has the characteristics

of cocoa-nut oil, whose saponification equivalent is 209
and its specific gravity is 0-874.

When 50 grms. of the kernels were treated with alcohol

instead of ether a very small quantity of solid oil

separated out, but the amount was too small to investi-

gate further.

The kernels remaining after the ether extraction were
dried in the air for ten bouts, and then at a temperature

of 100^ for fifteen hours ; the dried residue weighed

2j grms.
The Gunning method was employed for the estimation

of nitrogen. We obtained 2-47 per cent of nitrogen from

the original kernels and 2-21 per cent from the residue

after the oil was removed.
We extracted the sugar with Maxwell's apparatus

(Chemical N^;\vs, cxvii., 122), using water as the solvent.

The kernels were boiled for 250 hours, when no further

trace of sugar could be detected with Frhling's solution.

We obtained 3742 per cent of sugar. By treating a solu-

tion of the sugar with sodium acetate and phenyl

hydrazine hydrochloride we could detect the presence of

fructose and glucose, with a possible small amount of

cane-sugar.

Cornell College, .\pril 12, igig.

NOTES ON THE DETERMINATION OF CARBON
IN STEEL.

By L. JOSLIN I\OGERS (Universit;' of Toronto).

The development of a new absorbent mixture for carbon

di X'de, soda asbestos, has so simplified the apparatus

used in carbon determinations that it is quite evident that

this material will soon replace all others lor this type of

work.
Until recently there were practically two types of bulbs,

those using potassium hydroxide solution and those re-

quiring soda lime. The great drawback to the fir;.! class

of bulbs v/as the inability to permit a flow of gas at a rate

sufficient to allow of rapid work required in present-day

practice. The introduction of the Fleming tower made
possible the seven minute carbon determination. This

rapidity led to the application of this iiiethod to supplant

the inaccurate colour carbon in the " snap test " on a heat

of steel.

The Fleming tower, which has been for the past five

year" coming steadily forward on account of its marked
superiority over the wet towers, has in its turn several

features which require most careful attention in order to

secure exact results. These are as follows:—The soda

lime used must be of the proper fineness, and its moisture

content must be about 15 per cent. This excess of

moisture rapidly consumes the pentr side in the top

chamber, which v,iill accordingly require frequent renewal.

Again both the soda lime and tbe pentoxide must be care-

fully watched for fissures which will permit the gas to pass

through without absorption. The weight ol the bulb is

such that it requires a 200 grm. balance to give satisfact

tory results, and naturally this leads to slow weighings
In spite of all these paints the tower has steadily gained
place, due to its increased functions over the wet towers.
The new absorbent, soda asbestos, eliminates almost

every undesirable feature of any combination yet placed
in the hands ol the chemist for the determination of CO^
gravimetrically.

Toe absorbent is sold in granular form about 8 to 10
mesh. It serves as its own drier, no pentoxide or calcium
chloride being required. It will absorb nearly 10 per
cent of its weight of carbon dioxide, and can be used
while the gas is flowing from 250 300 cc. per minute. The
containing tower has a relatively small area and weighs
loaded about 100 grms.
Tbe Midvale bulb modified according to Stetser and

Norton is a very simple and inexpensive apparatus, de-

signed particularly tor use with soda asbestos. The
Nesbitt bulb, designed originally tor soda lime and
pentoxide, serves as an ideal apparatus. This latter bulb

4L
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was rather a failure for the origina I ptrpose intende,

since it had only a layer of asbestos between the pent-

oxide and soda iime, and the top portion of the latter

rapidly dried out and became useless. However, this

bulb leaves almost nothing to be desired further when
used with soda asbestos. One slight turn of the single

stopper as seen in the diagram shuts ofi the bulb entirely

from the air. There are no rubber portions to catch

foreign material as dust, &c., and the exposed glass area

is relatively small. The stopper is large, permiiting easy

filling. The Nesbitt bulb is used with the gas flowing in

at the top, and has therefore only a packing of glass-wool

over the aperture at the bottom. Since soda asbestos is

of coarse granular structure, there is no loss of fine parti-

cles and lbs tower never fissures. It is a very satisfactory

material also for filling the drying arm in either a Johnson

or Vanier bulb.

Another feature which makes the use of either the

Fleming cr soda asbestos bulb desirable is that both

towers will permit of a flow of gas fast enough that a full

factor weight of steel may be burned to a fusion withou

altering the rate. This use of a full factor weight is very

desirable from several standpoints. The weight in mgrms.
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bctweun successive we'ghings gives the carton content in

points. A system ol weighing and tecciding as given in

the tabular scheme allows th' opcratot to cDeck the gioss

increase in lower weight with the total individual increases ;

thus mathematical errors ate detected. These errors on

the balance constitute a very high percentage of all errors

in carbun determinations.

By the use of a factor weight of steel ot the proper

fineness a heat is developed whicn gives a complete fusion

ol the steel, and a consequently accurate result. Many
chemists desire to burn fine thin ribbon like drillings,

believing that they give better results. This is not the

case, however, since drillings which are fine and ribbon-

like occupy the whole length of the boat, and, indeed, it is

sometimes difficult to place a factor weight ot them on an

ordinary boat. Spilling frequently occurs. If there are

any coarse particles whatever, these will be Iclt unburned

because of the fact that the steel is not in small enough

area to permit ol development of sufficient beat to (use

the whole mass down.
The idea formerly held that fused steel cinder contained

included cacbon has been practically discsrJed by all.

The steel should be fused as comj Utely as though it had

been burned with red lead. Caution is necessary, how-

ever, that the bedding material in the boats should not

contain silica. A silicious bedding, especially where a

small amount is placed on top of the steel to prevent
•' spraying" will invariably cause low results.

When using sufficient heat and steel to effect a complete

fusion the usual clay boats will give but very little satis-

faction, since they will cut through in sonietMncs only a

tew determinations. This adds materially to the cost pei

determination.

Nickel boats which arc among the most durable were

for a long time unsuitable because of the high carbon

content. This in some material tuns as high as 020 per

cent. Recently, however, sheet nickel 1 millimetre thick

has been secured which has a very low carbon content,

and after short treatment in a muflle wUl give up no

further carbon whatever. These are the most suitable and

durable boats for combustion of steel v.'hjre a fusion is

desired.

SaMFLE oe RliCORD bHEEf.

Tabular Record for Checking Results when using Factor

Weight.

Tower wtSainple No.o. Time.

Blank.
No. I.

I^'o. 2.

No. 3-

lOIO

Diflf.

I'er cent

carbon.

0492
0375
0446

•1313 -^ i3>3'3

Remarks.

(\) is the difference between weight of tower at initial

point and after third determination.

(B) IS sum of first three determinations.

— Ca;iiniia« Chen.icaiyoumal, Afril, 1919.

• ; COLLOIDAL- FUELS.
.

' .
' Composites ot Oil,, Tar, amd Carbon.

The Executive Committee of the Submarine Defence
.^ssociation, New York, have authorised the publication

of a statement concerning new colloidal fuels developed

under their auspices since the United btates entered the

war, and now fully tested and demonstrated. The author

ol the report is Mr. Lindon W. Bates (the Chairman of

the Engineering Committee ol the Association), in whose
hand rests the commercial introduction ot colloidal fuel,

and who has had personal direction ol its development.

In making an oil and coal composite, an insuperable diffi-

culty heretofore has been the persistent setilingout or

sedimentation of the heavy coal and tar particles. This
destroyed the value and utility ol all mechanical mixtures.

To-day, the report states, it is possible to suspend for

months in oil 30 to 40 per cent of coal, pulverised so that

about 93 per cent passes through a 200-inesh screen,

assisting the suspension with a special lixateur. It is

possible to combine in a stable liquid fuel about 43 per

cent of oil, 20 per cent of tar, and 33 per cent ot pul-

x'crised coal, thereby replacing over one-half of the oil,

secujing equal or greater heat values pet baiiel, and saving

considerable cost. Pulverised coal burned alone cannot in

many cases replace oil. Especially is this true on ship-

board. Radical changes in oil burning installations

become necessary; and its storage requires too much
space, and in this way limits the cruising radius of war
vessels.

Pulverised coal can be successfully held in suspension,
so that the colloidal liquid flows freely through the pipes,

I
reheaters, and burners of ships, and power, beating, and

industrial plants equipped to burn fuel oil. Months after

mixing, the composites show little or no deposit. A
fixateur, which comprises about i per cent ot 20 lbs. per

ton, acts to stabiliise the particles of pulverised coal

dispersed in the oil. In colloidal fuel, every solid particle

has its film of liquid hydrocarbon and a protective and
peptising colloid, itstlf combustible. The particles are in

three classes as to dimensions—coarse, colloid, and mole-
cular. By coarse is mejnt the fineness ol fifty million

pariiclts per cubic inch. The fixateur and fixated oils ate

readily made, and maybe shipped anywhere. The manu-
facture or distribution of the new fuels incorporating solid

carbons in fixated oils involves no doubtful process cr

industrial problem. On burning the combustion is so
complete that, with fair coal, there is left ao slag and very
little ash ; what there is being light as pumice and
granular as sand.

It is the property of colloidal fuel that, without loss of

efficiency per unit volume or change of Oil storage or

burning equipment, it makes possible the conservation of

at least 23 per cent of the fuel oil now burned, or, con-
versely, with the oils now available it increases by 30 per

cent the world supply of fuel that is liquid. A number of

new fuels have been realised, each with varying per-

centages of oil and solid carbon. One useful composite.
in the range of ordinary temperatures, is composed of about
one-half coal and one-half oil. Another unctuous semi-
liquid is nearly three-fourths coal and one fourth oil. All

the fuel pastes are mobile to sustained and easily applied

pressure, and may thu? be pumped, fed, and atomised in

the combustion chamber. These semi-fiuid composites
will constitute the most compact and safest fuel for domestic
and Industrial use ; and they will largely eliminate the

smoke and ash nuisances of cities.

As an example of conservation to be effected through
the nevv' colloidal fuel, the report gives an estimate of

what would result by its substitution for the 2,900,000
barrels of oil now consumed yearly in the power plants of

New England. By displacing only 25 per cent of the oil

with pulverised coal, a saving of 673,000 barrels would be
secured. Estimates of the cost of this new fuel indicate

a valuable reduction in the fuel expenses of New England
pov.'ei plants. Moreover, in New England, graphitic

anthracites, gas house coke and tar, and charcoal can be
used effectively. Thus there may be a marked saving of

tiansport—30 per cent as to oil, and 30 pet cent as to coal.

On the other hand, the 2,900,000 battels brought to New
England, when employed in colloidal fuel, can do the work
of nearly 4,000,000 battels, with the marked economies
and advantages inherent to ptoducing and applying heat
with liquid as against solid fuel. Each locality may have
its special composite, containing the cheapest available

coal, oil, and othet ingtedients.

.-V demonsttation test unit, to manufacture and use
colloidal fuel on land, is installed at Brooklyn ; and it is

now to be -tested at several steel-making plants. The
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'argest field of use and oil conservation is in furnace work
—direct fired, reverberatory, regenerative, and crucible

furnaces ; for brick kilns, for air, annealing, bolt-heading,

blacksmitbing, brass melting, billet beating, forging,

rivet beating, and openheartb furnaces now fitted for oil.

About 70 per cent of the oil they now use will do the

present duty of loo per cent, and do it more cheaply. A
certain steel plant uses 3000 barrels of oil daily, and will

soon require 4500 barrels. But the {ooo barrels of oil

with coal incorporated and used in colloidal fuel will be

ample for full output, saving about 500,000 barrels per

annum, with less cost, and with great conservation of

actual oil and oil transport. There are legions of liquid

fuel users large and small. As a corollary of these develop-

ments thire will be very many more.
A further research was started by Mr. Baker in response

to a suggestion from the Admiralty to try blending petro-

leum oils and coal-tars, and see if it was practicable

to stabilise the mixture so that free coke and asphaltic

substances would not settle-out, but would produce a

stable liquid fuel that could be shipped, piped, and stored.

The quest was well worth while, because could it succeed

one might so create annually in America and in England
up to 20,000,000 barrels of superior liquid fuel, without

an increase in oil-well production. >SjQcesa is now con-

firmed. Thus countries without oil may themselves pro-

duce over one-ha'f of the substances to make liquid fuel
;

and as the gas house and coke oven tars are usually cheaper

than fuel oil, they will average-down the cost of oil in the

composite.
To produce colloidal fuels there are required ;

—
I. Certain processes modified, if need be, to suit the

blend or grade desired.

J. Certain fixateurs. Their offices are primarily to

stabilise synthetic fuels whose separate elements are of

different specific gravities and characters, so that the

finished products have each a homogeneous and definite

nature. Regarding the nature of the fixateurs and special

incorporation and treatment process, it will suffice to say

that the fixateurs and treatments produce a state in which
the settling force of gravity, operating upon the particles

somewhat according to Stokes' Law, is overcome by
peptisation, absorption, Brownian movement, electrical

factors, and other chemical and physical phenomena

—

including such as obtain in colloids of metals, only that

in the new case many of the particles are above colloidal

size.

3. Certain substances incorporated during the main pro-

cess or when forming the " fixateur ' which is itself incor-

porated. Their offices and properties are to effect chemi-

cally, or physically, or electrically, the characteristics of

the components of colloidal fuels, either alone or in asso-

ciation with liquid or other combustible or non-combustible

substances. They have properties in particular reference

to—Suspending and dispersmg solid particles of coarse,

colloidal, and molecular dimensions (coarse being used in

a relative sense), or fluid sludge or asphaltic ooze, in a

liquid or mobile gel or paste , dissolving and peptising ,

establishing the desired viscosity, melting or fusing point,

the cbilling range or the desired fiash point ; fluxing ; en-

riching with combustible elements ; dehydrating or

hydrating ; affecting the ash content and the sulphur con-

tent on combustion, catalysing, or promoting the misci-

bility of fvo or more liquids; drying and inoculation.

Some of these substances may remain in the colloidal fuel

product in whole or in part, or, having performed their set

duty, may be mostly distilled off and recovered and used

again and again.

One of the advantages stated by Mr. Lucius H. Beers

(the Chairman of the Submarine Defence Association) in

a letter accompanying Mr. Bates's report, is that in

making colloidal fuel great deposits of low-grade coal,

which have been largely unavailable, as well as vast

quantities of lignites, brown coals, and wasted dust, are

added to the world's fuel supplies.—Gar JournaUcxWi.,
No. 2919, April 22, 1919.

GALLIUM.'

By L, M^ DliNNIS and J. ALLINGTON URIDGMAN.

This article deals with the spectroscopic detection of

gallium, indium, and zinc ; the purification of gallium ; the

determination of gallium, and of gallium, indium, zinc \

and aluminium in the presence of one another ; and the

preparation and properties of two new salts of gallium,

and the properties of some salts that had pre\ious!y been
prepared.

Material.

The crude material employed in this investigation con-
sisted of about 35 grms. of an alloy consisting chiefly of

gallium and indium, which was generously presented to

us by Mr. Kurt Stock, Superintendent of the Bartlesville

Zinc Company, Bartlesville, Oklahoma, (lor descriptions

of the separation of this alloy from spelter, see Hillebrand
and Sberrer, Journ. Ind. Eng. Chem., igi6, viii., 235 ;

Browning and Uhler, Am. Journ. Sci., 1916, xli., 351).
It would have been of interest to determine the percentages
of gallium and indium in the alloy before undertaking the

preparation of pure gallium from the material, but this

was not possible because at the beginning of the investi

gation no method of accurately detern.ining gallium and
indium in the presence of each other was known. Results

that were obtained during the process of purification of

the gallium indicated, however, that the alloy contained
not over 8 per cent of indium, somewhat less than i per

cent of zinc, and traces of cadmium and copper.

Spectroscopic Detection of Gallium, Indium, and Zinc.

Before taking up the study of the purification of

gallium it was necessary to develop some method by
means of which the purity of the various preparations of

gallium might be ascertained as the work proceeded. The
two elements whose presence in the gallium was chiefly

to be expected were indium and zinc, because they ire

associated in largest amount with the gallium in the alloy.

The spectroscopic examination of the material naturally

suggested itself as the best method to employ, and inas-

much as no statements have hitherto appeared in the

literature as to the delicacy of the spectroscopic detection

of these three elements in the presence of one another,

this subject was first invest'gated. Two types of spectra

were studied : spark spectra, which were observed with the

eye, and arc spectra, which were photographed.

The Detection of Gallium aud Indium by means of their

Spark Spectra.

There were needed for these tests a solution of a salt

of gallium that was substantially free from indium, and a

solution of a salt of indium free from gallium.

The first of these was prepared by dissolving a portion

of the original alloy in aqua regia, and freeing the solution

from indium by adding an excess of potassium hydroxide

and boiling the solution (Lecoq de Boisbaudran, Comptes
Rendus, 1882, xcv., 410). The precipitated indium hydr-

oxide, which, as we later ascertained, carries with it some
gallium hydroxide, was removed by filtration, and metallic

gallium wat, separated from the alkaline filtratr

electrolysis. The metal was dissolved in aqua reg'

aminonium hydroxide was added. Tbe pre,.'

hydroxide was washed, dried, and ignited, and
I'oSig grm. of gallium oxide. This product was
in 10 cc. of concentrated hydrochloric acid, an'

suiting solution was diluted to 25 cc. This sol

gallium chloride, which contained o 0322 grm, of '

per cc, was used in the spectroscopic tests.

• This article is based upjn the thesis presented to l''

ihe Gradu.Mc School of Cornell University by J .Mlinfju

in partial fulfilment of the requirements for the degre )

Philosophy. From i\K J.Tj-.nal o) the AmcricailChr
xl., No. 10.

Ii> ol

gman
tor of

. -Aety.



24O Gallium.

A solution o( indium chloiide free from gallium was pre

pared by difcsolving in water a portion (07gS8 grm.) of the

pure indmm chloride prepared by F. C. Jilathers in this

liboratory in connection with bis work on the atomic

weight o( indium (Jourii. Am. Chem. Soc, 1007, xxix.,

435). The solution was diluted to 23 cc, and hence con-

tamed o'oi66 grm. of indium per cc.

The apparatus that was employed for the observation of

the epark spectra consisted c( a Kiuss spectroscopic in-

duction coil capable of giving a spark about i inch in

length, and small glass cups for holding the solutions.

The cup was made by fusing a piece of pUtinum wire into

the end of a piece of glass tubing 7 mm. in diameter, and

then cutting oil the tube about mm. from the closed end.

Such a cup holds about three drops of li(|uid.

Detection of G.jiiiiiin.—Twenty cc. of hydrochloric acid

was added to So cc. of water. Into this diluted acid one drop

of the solution ol gallium chloride (i cc. = uo322 grm. Ga)

was introduced. Three drops of this very dilute solution

of gallium chloride were then brought into one of the glass

spark cups, and the spark spectrum of the solution was
examined. The best results were obtained with a short

spark and a heav/ current through the primary of the

coil. A second drop of the solution of gallium chloride

was then added to the diluted hydrochloric acid, and a

sample of the resulting solution was spectroscopically

examined as before. This was repeated until the limits of

the lest were established. Table I. gives the lower limits

of concentration at which the two principal lines of

gallium could be thus detected.

Tahi.f. l.—Speclrouopic Detection 0/ Gallium.

I. 2. 3- 4-

Grnis. of gal-

lium in 100

cc ooojjo o'oo^6 00072 0015.

(

.Mg. of gallium

in spark cup ouo.\b 0-007 ooi.( o-02j

Gallium line,

A = 4172 .. I'aiiit. Distinct. Distinct. Distinct.

Gallium line,

\ = 4033 .. Notvisible. Notvisible. V'etylaint. Distinct.

These results show that, under the conditions described,

u'OO40 iiigrm. of gallium can be detected by ocular

observation of the spark spectrum of a solution of gallium

chloride, and that both of the principal lines of the spark

spectrum are visible when 0014 mgrm. ol gallium as

chloride is present.

Detection of Indium.—The procedure was the same as

that for the detection of gallium. The lower limits of

concentration at which the two principal lines of indium

could be detected are given in Table II.

TAiiLt \\.— Speclroicopic Detection oj Indium.

1 .;. 3-

Grms.ofindium
in too cc. .. u ijowj 0UO17 UU043

Mg. of indium
inspaikcup.. u oji

^

o U026 o 0UO5

Indium line A =

,5U . .. I'aintly visible. Distinct. Strong.

'i.ndium line, a

',^=4102.. .. Notvisible. Notvisible. I'aintly visible.

These results sho v that it is possible, in this manner, to

'detect 0-0013 mgrm. of indium, and that both of the

luincipal lines of the spark spectrum of indium are

visib'c wheno-nctjj mgrm. of indium as chloride is present.

Dctirtion of Indium in the prennce of Gallium.— It

sometimes is the case that the lines of one element are

masked or are rendered difiicultly visible to the eye when a

large amount of another element is present. I-'or this

reason the spark spectra ol a scries of solutions that con-

tained oth gallium chloride and indium chloride were

Cbbuual New:
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examined in order to determine the limit of visibility ol

the indium spectrum when a preponderating amount ol

gallium is present. The results are given in Table HI.

TaCLE \\\. -Spectroscopic Detection of Indium in

the fircsence of Qaliiiim.

• J-

Grms. in 100 cc.

—

Of gallium .. 3-12 2 9t 289
Of indium .. oooiyt 00043 0-0074

.Mg. in spark cup

—

Of gallium . . 31 29 2-8

Of indium .. oooiy 00043 0'0073
Indium line

—

A. = 45ii .. l-'aintly visible. Distinct. Distinct.

A = 4I02 .. Notvisible. i-aintly visible. Distinct.

Percentindiumre-
lative togallium 006 013 u-26

Krom these results it is seen that the delicacy of the

method of detecting indium by means of its spark spectrum
is almost as great in the presence of a relatively large

amount of gallium as it is when indium alone is present.

When the gallium in the spark cup amounts to only

3 mgrms. the presence in it ol 00019 mgrm. of indium,
06 per cent of the weight of the gallium may be detected

by this method.
Detection of Gallium in the presence of Indium.—The

spark spectra of solutions containing minute amounts of

gallium chloride and relatively large quantities of indium
chloride were next e.samined to ascertain the delicacy ol

the lest for gallium (Table IV.).

Table \V.—Spe:troscopic Detection u) Gallium in the

presence 0] Indium.

00134
J -47

00175

.52 1-47

0-0134 u 0173

Grnis. in luucc.

—

01 indium 1-63 i Oi

Of gallium 00030 f,-oo46

Mg. in spark cup—
Of indium i'&3 1 Or

Of gallium u-ouju u-oo4&

Gallium line

—

X=4i72.. Veryfaint. Distinct. Distinct. Distinct.

A = 4033 .. Notvisible. Notvisible. Veryfaint. Distinct.

Per cent gal-

lium rela -

tive to in-

dium .. 11 iS II jS 083 112

The delicacy of this method ol detecting gallium is thus
seen to be almost as great when a preponderating amount
of indium is present as it is when gallium alone is

examined. When the indium in the spark cup amounts
to only 1-03 mgrms., the presence in it of 0-003 mgrm. of

gallium, oiS per cent of the weight of the indium, may be
detected by this method.

The Detection of Treues of Indium and Zinc by means
of their Arc Spectra.

Although the spark spectrum was found to yield very
satisfactory results in the detection of minute amounts 01

gallium and indium, it did not prove to be sufficiently

sensitive for the detection of traces of zinc. For this

reason the arc spectra of different mixtures of gallium,
indium, and zinc were next studied, the spectra in this

series of observations being photographed on non-halation
orthochromatic plates manufactured by the Tastman
Kodak Company. A pyrogallol developer prepared ac
cording to the formula of the same company gave er-cel

lent results.

Both a Steinheil grating spectrometer and a llilgtt

wa\e-length spectrometer were used in the beginning, but
the Ililger instrument, being found to give much the
stronger lines, was e.Nclusively employed in the later

measurements.
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ifeS6, Six., 70); tbe current ftonrten large Bunsen cells
deposited O'l grni. of pure gallium per hour.
Browning and Ubier electrolysed a solution of gallium

hydroxide in sodium hydroxide, the metal separating as
liquid globules at ordinary temperature, and in the form
ot a " tree " when the electrolyte was cooled to about o^
{Avi. jfouru, Sci., 1916, xlii., 389).

Experimental examination oi the deposition of gallium
by electrolysis of a solution of gallium hydroxide in a
soiutio I of fixed alkali hydroxide showed that the metal
is separated very slowly. Mjreover, it seemed probable
that gallium eiectfolytically deposited from a strongly
alkaline sulution would be contaminated with the alkali
metal, a supposition that seems to be supported by the
observation of Boisbaudran and Jungfleisch that gallium,
thus prepared, decrepitates in hot water (CompUs Rendus,
1S7S, Ixxxvi., 475), and by the statement of Browning and
Uoler that the gallium " trees " liberate a gas when
brought into contact with water. For these reasons it

was sought to develop a meihod for the electrolytic
deposition of metallic gallium from an acid solution, and
to then study the separation of gallium from indium and
zinc by this means.
The electrclvtic deposition of indiu'- from acid solution

was satisfactorily developed a comparatively short time
ago (Dennis and Geer, jfount. Am. CItem. Soc, I'gof,
xxvi., 437; Thiel, bey., 1904, xxxvii., 175; Mather!
•Jfourn. Am. Clum. Soc, 1907, xxix., 485). Tnis element
IS the immediate group analogue of gallium. For this
reason it seemed probable that the method that gave
excellent results with indium, the electrolysis ot an
aqueous solution of the sulphate, might prove applicable
to the deposition of gallium. If the electrolytic contained
both gallium and indium it appeared to be reasonably
certain that sharp separation of the two elements would
not be effected by a single electrolysis, but it was hoped
that fractional electrolysis would gradually first remove
indium, and would finally yield deposits of gallium sub
stantially free from indium.
A mixture of the hydroxides of gallium and indium was

dissolved in sulphuric acid, 10 cc. sulph. acid (sp. gr.iu)
added in excess, and the solution diluted to 350 cc. It was
thenelectrolyedwithacurrert 0(4 amperes, tne cathode oi
sheet platinum being 8x3 cm. At the end of three hours
and forty minutes 00418 grm. of metal had been deposited
on the cathode. Tais plate was then placed in another
beaker containing dilute sulphuric acid, ai.d was made <he
anode. The deposit readily dissoh ed as sulphate.
The spark spectrum of this solution showed gallium and

indium lines of about equal intensity. .\ second deposit
obtained from the first solution by electrolysis lasting three
hours weighed 00108 gim. This was dissolved from the
platinum cathode in the manner above described. The
spark spectrum of its solution showed the gallium Jines
much more strongly than those of indium. The residual
solution gave a strong spark spectrum of gallium but no
indium lines.

The method was next used with a larger pjrtion of
material, 6-4ii,3 grms, of the original alloy being em-
ployed. This was dissolved in dilute (i : 10) sulphuric
acid by immersing the alloy in 75 cc. of the acid, making
contact with it by means of a platinum wire that proiected
slightly through the end of a glass tube, inserting in the
acid the same platinum cathode as was used before, and
electrolysing with the alloy as anode. The Jiquid alloy
and tbe solution were stirred with a jet of air throughout
the electrolysis. .V potential difference of about 12 volts
was maintained between the electrodes. This gave at the
beginning a current of about i amptte. but when nearly
all of the alloy had been co.ivetted to sulphate tbe current
had dropped to about 01 ampCre. A slight depositwhich
formed on the cathode during the solution of the alloy
was found to consist of indium, gallium, and zinc.
The solution of the sulphates of these three metals,

obtained in this maniicr by electrolysis, was evaporaled to
dryness, the residue was dissolved in water, and the solu-

The arc was formed between graphite rods 12 mm. in

diameter. The upper tod was roughly pointe t at the end.

A depression was hollowed out in the upper end of the

lower terminal. Before these electrodes were used they

were treated first with boiling hydrochloric acid and then

with boiling water. .\ solution of the material to be

examined was placed in the depression at the end oi the

lower rod and was then evaporated to dryness.

It was lound that the faint lines d^e to minute amounts
of zinc and indium showed most distinctly on the plates

when the slit was fairly wide and the exposures were quite

short, Ironi five to ten seconds. Longer exposure

strengthened the lines of the spectrum somewhat, but

this was more than offset by the greater elfect upon the

plate of the continuous spectrum from the arc, which
seriously reduced the contrasts in the photographs.

The indium line, ,\ = 4io3, and the zinc line, ,\ = 4Sii,

serve best to show the presence of these two elements

because none of the strong lines due to the electrodes lies

near them.

Tllli Pl.RIl'IC.ilION Of Galliu.m.

Prelimimiry Examination of the Alloy of Gallium and
Indium.

The alloy received fro.m Mr. Stock was found to be

rather slov/ly attacked by either nitric acid or hydrochloric

acid alone. Hot aqua regia acted vigorously upon it,

but complete solution resulted only after quite prolonged

treatment.
One and three-tenth gtins. of the alloy was placed in a

solution of 7 grms. of potassium hydroxide in 50 cc. ol

water, and the liquid was heated to bo. ling. .\ rapid

evolution of gas resulted, and this was accelerated when a

piece of platinum was placed in contact with the alloy
;

yet even alter the solution had been boiled for fifteen

hours a considerable portion of the metal remained

undissolved. This residue was next dropped into molten

potissium hydroxide. The two substances reacted so

violently that this method of treatment was abandoned
because of the comparatively small amount of material at

our disposal. It is possible, however, that this reaction

might rapidly convert the gallium into a soluble compound
of that element, and thus separate it from indium in a

single simple operation.

To ascertain approximately the amount of indium in the

alloy t) 6i07 grms. of the material was dissolved in aqua
regia, and the solution was boiled for several minutes with

an excess of a solution ol potassium hydroxide. Tde pre-

cipitate which resulted was collected on a filter, and

yielded on ignition 64S6 grm. of oxide which, had it been

pure indium oxide, would have been equivalent to 0-5365

grm. ol indium. This corresponds to S'lj per cent ol

indium in the alloy. Spectroscopic examination showed,

as was expected, that the precipitate was not pure indium,

and, moreover, that it contained gallium. No further

attempts were made at this stage of the investigation to

determine the composition of the alloy because of the lack

of analytical methods. The procedure lor the quantita-

tive sevaration of the constituents of the alloy that will be

described later was developed only alter all of the alloy

had been dissolved and tbe gallium had been separated.

The Electrolyiis oj Soiutioiis conlainiiig Gallium.

Boisbaudran obtained metallic gaiiium by electrolysing

a solution of basic gallium sulphate in potassium hydr-

oxide {Ann. Chim. PliYS., 1877. x.. too). Schuchl

makes the brief statement that "gallium, like zinc, is

thrown completely al the negative pole in a pure state
"

[Berg, uiid Uiittenmanniiche Zeit., 1S80, xxxix., 121
;

Chemic.vi. News, 1880, xli., 2S0). Ehrlich electrolysed

a " galliferuus alkaline solution" from which metallic

gallium was deposited in the form of fine needles (Chem.

Ztg., 1885, ix., 78; Chemical News, 18S5, li., 115).

Kunert electrolysed a solution of trallium hydroxide in

potassium hydroxide (Clum. /itg., 1SS5, ix., 1826; Biv.,
\
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tion was dilated 10 100 cc. Thin was electtolyeed, the
anode being a sbeet of platinum and the cathode a

platinum rod that projected about u mm. into the solu-

tion. The solution svas stirred by a iet of ait. A current
of 4 amperes yielded in two hours a deposit that weighed
0-0410 gtm.
The spark spectrum ol a solution of this deposit in

bydtochlotic acid showed strong lines of gallium and
indiam, but the lines of ^inc were only faintly visible.

The first solution was further electrolysed for two hours
and ten minutes longer at cb to 08 ampere, u'uSbi grm.
being deposited on the cathode. The spark spectrum of

the solution of this deposit in hydrochloric acid again
showed strongly the lines of gallium and indium, and very
faintly the lines of /inc. A further electrolysis of one
hour and forty minutes at ob ampere yielded u'0545 grm.
of deposit, which, when dissolved, showed strong lines of

indium and gallium, whereas the zinc lines were scarcely
visible.

A portion of the original solution from which these three

deposits had been separated was concentrated, and its

spark spectrum showed strong lines of gallium, faintly

visible Imes of indium, but no lines of .line.

Ten further fractional electrolyses of this solution were
then made, the time required for each deposit varying
from I "5 to 5 hours with a current of from oO to fo ampere.
Each deposit was dissolved in hydrochloric acid, and the

spark spectrum of the resulting solution was e.\amined.

In every case strong gallium lines were seen, but the

spectrum of indium became gradually weaker, being
scarcely visible in the last fractions.

Seven more fractions were deposited on a rotating rod

of platinum which was bent into a wavy form for the

purpose of stirring the solution. In the later fractions in

this last series the gallium lines were rtrong and the a line

of indium was faintly visible.

These results show that by means of fractional

electrolysis of a slightly acid solution of the sulphates of

gallium, indium, and zinc, zinc may be removed entirely,

and gallium may be obtained almost free from indium.

Moreover, the electrolytic deposition of a small amount
of metal from a slightly acid solution of the sulphates and
the subsequent examination of the spark spectrum of the

solution of this deposit in hydrochloric acid, affords a

much more delicate qualitative test for traces of indium
and zinc than can be obtained by direct examination of

spark spectrum of the original solution.

For use in the further investigation of methods tor the

separation of gallium from accompanying elements about

25 grms. of gallium in the form of various salts was treated

in such a way as to remove most of indium and zinc

associated with it. This was done by boiling the solution

with an excess of the solution of sodium hydroxide to

remove indium as completely as possible. After the

iirdivm hydroxide bad been removed by filtration the solu-

tion waE made acid, and zinc was precipitated by tbe

addition of a solution of potassium mercuric thiocyanate

(sea prox-). The precipitate of ,:inc mercuric thiocyanate

waa filtered off, and the mercury in the filtrate was pre-

cipitated ae sulphide and was removed by filtration.

The gallium in the filtrate was thrown down as tbe

hydroxide by ammonium hydroxide. This gallium hy-

droxide was dissolved in sulphuric acid, and the solution

was diloted to 800 cc. Tbe eolation then contained about

75 ^rme. of galliom as eolpbate. The deposition of

gallium by electrolysis from this solution under varying
conditions showed certain interesting pbenomena. When
a portion of the solution was electrolysed with a cathode
consisting of a rotating rod of platinum the liberated

gallium formed a black suspension. Another portion of

the solution was treated with sufficient sodium hy-

droxide to redissolve the gallium hydroxide, and tbi^

resulting solution wab electrolysed with a cathode con-

sisting of a sheet of platinum 8x3 cm., the current being

{roip 2 to 4 amperes. During this electrolysis a portion

of the .-netal formed a black suspension that settled very

slowly. The larger part of the metallic gallium was
deposited on the cathode, and as the solution was kept above
the melting-point of the metal globules of the gallium
dro)iped from the cathode into a glass cup immediately
beneath it. It was noticed that while the concentration
of the gallium in this solution was still high a layer of
reddish liquid collected at the bottom of tbe beaker at the
end of nearly every period of the electrolysis. The
electrolysis was carried on only during tbe day, and this
reddish liquid collected to the depth of about 11 mm.
during the night. The colourless liquid above this red
layei was decanted through a filter and the ted solution
was then poured upon the filter. The red liquid could
be seen (lowing through the stem of the funnel, but when
this struck the colourless liquid below, the red colour di!:

appeared and a black suspension of metallic gallium
formed in tbe liquid. When the concentration of gallium
in the electrolyte became less the red liquid ceased to
form. It seems probable that tbe red colour is due to a
colloidal suspension of gallium wbicb perhaps exists in this

form only in a solution that contains a definite con-
centration of sodium hydroxide.
When the metal that was deposited by electrolysis was

allowed to stand over night under water it became coated
with a black film. If this metal is then placed in boiling
dilute nitric acid for a time it regains its lustre, and retains
it either under water or in the air. After the gallium had
been treated for some minutes with boiling dilute nitric

acid it was washed with water, was then caused to solidify

by touching h with a particle of solid gallium, and this

metal was kept over calcium chloride until used for tbe
cblorination described below.

(To be cootiaued).

THE COLOUR OK WATER.*
By WlLUliR U. 13ANXR01-T, Pli.U,,

Professor of Physical Chemistry, Cornell University.

ECoutioued from p. 235).

In still another paper Spring [Buli. Acad. Roy. Bclg.

[3I. 1897, xxxi., 578) takes up the question of coloured
compounds in the water, ebpecially iron and humus. He
determined the colour of pure water containing varying
amounts of ferric oxide in solution or suspension. He did
this by dissolving in aqua regia 0700 grm. iron, which is

equivalent to i grm. of FeiO-,. After this bad been
evaporated to dryness on tbe water-batb, the pioduct v/aii

dissolved in one litre of pure water distilled in a platinum
apparatus. This yellow-brown solution was then diluted
and examined after dilution in a tube five metres long
The data are given in Table V.

Table V.
Colour

Dark mahogany brown
Deep yellow

Yellow

Golden yellow

Yellow with trace of green

More yellow than green

Grass green

Green with trace of blue

Bluish-green

Greenish-blue

Blue with trace of green

Blue like pure water

" From this it follows that ferric oxide affects tbe blue

colour so soon as its concentration gets above one part Im

' From ib^ }ouiHJl 0/ tht- Ftunk'.in Insiituie cUxxvii, Ko. 3

1 tjO.-,

10 000 .

.

too 000 .

.

I 000 000

2 000 000

4 000 000

6 000 000

8 000 000

10 000 000

12 000 000

18 000 000

JO 000 000

-'1 ouo 000
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twenty-four millions. On the other hand, the Lake of

Geneva contains one part of ferric oxide in asout three

million, but the water is blue and not yellow. The watsr
ol the Meuse is gce^n and not yellow when it contains one
part of ferric oxide in 1,500,000 of water. On the basis

of analysis the Mediterranean should be brownish-yellow

and not blue. From this it follows that the iron in these

waters is not present in the same state as when a solution

is made up in the laboratory. The point that has been
overlooked is the effect of bumie matter. . . .

" In order to get suitable humic matter I have taken the

black waters from the peat bog on the plateau of Baraque
Michel, which is the highest plateau in Belgium. In this

way I was certain of getting water uncontaminated by
industrial products and containing only the brown-black
compounds dissolved from the peat. It is therefore

probable that the substances used corresponded closely

and perhaps absolutely with the humic matter found in

so-called pure, natural waters. In fact the water I used
was as black as ink by reflected light but somewhat colfee-

brown by transmitted light when observed in a twenty-

centimetre layer. It can be filtered through filter paper,

though very slowly, which proves that the brown sub-

stance is not entirely in solution. Its density was o'ggSSs

at 25'5°. Since pure water has a density at 099759 the

peat water was i-ooi2 times as dense. When examined
with a spectroscope it gave a continuous, dark spectrum,
in which one saw only red and green, but no blue and
almost no yellow. It had a slight acid reaction. When
evaporated in a platinum crucible, it left a black residue

of o'i52 grm. per litre. After the carbonaceous matter
had been destroyed by heating in the air the residue

weighed 00238 grm. There was therefore 01282 grm. of

organic combustible matter per litre of water. The small

content of mineral matter (o'0238 grm. /litre) indicated a

water that has not flowed fat through the earth. It

is actually rain-water filtered slowly through a layer of

peat.

"With this peat water the effect of humic matter on the

colour of water has been determined. The data are given

in Table VI., the concentrations being grms. of combustible
matter pet grm. of water.

" This table shows the extreme colouring power of

humic matter, it has an effect about double that of ferric

oxide if one compares equal weights. It is therefore easy
to ,Eec the difficulties to be surmounted in a laboratory

preparation of a really blue water, a pure water not con-

taining more than one part in fifty million of organic

matter.
" Filtered water from the Meuse contains about i grm.

* of combustible matter in nine thousand of water. If the

combustible matter in the water of the Meuse were brown,
soluble, humic miteriai like that of the peat water, the

rivet should look like a river of ink. The organic matter
of the natural waters can no mote be dissolved humic
matter than the ferric compounds can be in a true state

of solution. The concentration is mote than a thousand
times that which cotresponds to the actual colour of the

water.
Table VI.

Humic matter. Colour.

I : 500 GOo Yellow-btown
t : I 000 uou Yellow
I ; 10 000 000 Yellowish gteen
I : 20 000 000 Green
I : 30 000 000 Bluish gteen
I : 40 000 000 Greenish-blue
I : 50 000 000 Blue

" From the pteceding tesults one might expect to get

a very dark brown liquid by mixing water containing a

ferric salt with water containing humic material ; hut this

is not the case. The watet clears up and ibe rate of

clearing is faster the more intense the light, . . .

Under the influence of light the organic matter tedqces

the fenic salts to-Eome-»xtenti confv'erttng'tbem into gteen

tettouB compounds, the colouring effect of which ia not
comparable with that of the ferric compounds. Owing
to the absorbed oxygen the humic matter probably
becomes more acid, and therefore forms salts more readily

with the oxides of iron, alumina, fie, these [hypothetical

]

salts precipitating readily on account of theit insolubility.

The ferrous compounds remaining in solution are oxidised

by the action of the ait or by the oxygen dissolved in the

water. When converted into ferric compounds they
oxidise more of the unprecipitated organic matter. The
fettic compounds therefore act in natural waters in the
way hemoglobin does in the blood of animals. . .

Hemoglobin is looked upon as an o.xygen carrier, taking
it up from the lungs and distributing it through the system.
The organic substances in the water are immersed in a

medium which butns them while the body of an animal is

irrigated by an oxidising liquid.

"The interaction of ferric salts and organic substances
undet the influence of light gives tise to an appatent
equilibtium between the oxygen of the ait and the fetioas

compounds. If the intensity of the light incteases, the

proportion of ferric compounds decreases, because the

organic substances will be oxidised more completely.

Since the water will then contain smaller amounts of

yellow ot btown compounds, it will become mote and
mote distinctly blue. On the other b; id, if the intensity

of the light decreases, the rate of the oxidation will

decrease and the water will become more and mote gteen,

ot even yellow, because the supply of colouring matter
will not fall off with decreasing intensity of light. It is

therefore easy to see why waters exposed to the sun ate

usually the bluest.
" If the amount of iron is very small relatively to that

of the humic substances, these latter may be oxidised very
slowly, in which case they will impart their btown, ot even
black, tint to the waters in which they are- The black

waters of the equatorial regions of South America ate

said to contain 0028 grm. of free humic acids pet litte

(Muntz and Matcano, Comptes Rendui, 1888, cvii., 231),

a little mote than one-fifth as much as the black peat

watet ftom the plateau of Bataque Michel in Belgium.
In his papet on the colout of water, Wittslein

(Vicrteljahresschrift Prakt. Pharmacie, 1861, x., 346) has
pointed out that the brown waters of Bavaria ate tematk-

able fot theit softness. They contain almost no mineral
mattet.

" If the amount of iton is relatively large, there may be
almost complete elimination of the organic mattet. Almen
(Ber., 1871, iv., 750) has called attention to the purity of

the great lakes of Sweden. Lake Wettern is almost free

from organic matter. Between these extremes there ate

the mote common cases whete the watets contain iron and
organic substances in what one may call ordinary

amounts. If one omits the instances whete these watets
are obviously turbid, theit colout will be a dark gte^n like

those of most of out rivets, the Meuse, fot instance, the

watets of which are characterised by the absence of depth

of colout and by a lack of that ttanspaiency which one
finds in lakeK 01 in the 'ocean. This is the effect, tbat

would be produced by the joint presence of iron and of

oiganic substanceB.
" In no far as the waters of the river ate exposed to the

sunlight, a putification is continually taking place. If the

river is sufficientlylong the putification may even be Cdrn-'

plete befote the watets reach the sea. This happansfwilh,

the Nile. The nppei v/ateis are green in the dtry season;

and become more and more blue as one approaches the

mouth of the rivet. In this case one can exclude the.

hypothesis of (be change of colour being due to the iiiflux

of other waters. It is the watet of the Nile itself which
changes colout as it flows to the sea.

"In this way one can account fot the deep blue colour

ol the high seas and in general of large masses of water,

even when the analysis does not permit us to recognise

any important differences.' The ease with which bufflic

mailers coYnbine with ferric oxide- makes it clear wily fe'i-"
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tuginous mineral deposits always contain organic matter.
In fact, the limoniieb of the prairies and the ochres have
been sui^geeled as raw material for making bumic com
pounds."
The green often observed In swimming pools is un-

doubtedly due to suspended matter, though I can find no
record of anybody having determined the exact nature ol

the suspended matter.
.\ special point has been discussed by Steuer {Zoolo-

ifische yiihrbucher, Abtk. fur Systemaliii, Geographic iind

Biowgic iter Tliien, igo.;, xv., 7). "The colour and the

transparency of the water of the Uanube bear so close a
relation one to the other that we cannot treat them
separately. We may draw the following general con-
clusions :—In wiTitcr the water is usually turbid and green
to yellowish green ; the melting snow and ice in the spring

with the consequent rise of level, together with the

influence of the diainage water, increase the turbidity and
make the colour of the river even more yellow. That the

colour of the Danube never is blue except in the song is

well knoun. At best the wat^r is greenish, and usually

it is a dirty yellow. On the other band, after a few wind-
less days in late autumn, winter, and occasionally in

spring, the water of the ' old Uanube ' become quite clear

and appears a beautiful blue. Apart from the presence of

plankton, the transparency and change uf colour of the

water vary with the suspended particles of sand or mud
which are removed from the shore or the low islands by
strong winds or high waves ; are carried in by drainage
water from the ground and also from the right bank : or

are brought down by the melting snows in the spring."

The work of Aitken and Spring would seem to have
settled the whole question were it not that Lord Rayleigh
has recently brought the matter up again {Xatitre, tgxu,

Ixxxtii., 4S ; Scientific Papers, igi2. v., 540). "A recent

voyage around Africa recalled my attention to interesting

problems connected with the colour of the sea. They
are not always easy of solution in consequence of the

circumstance that there are several possible sources of

colour whose action would be much in the same direction.

We must bear in mind that the absorption, or proper,

colour of water cannot manifest itself unless the light

traverse a suiticient thickness before reaching the eye. In

the ocean the depth is of course adequate to develop the
colour, but if the watet is clear there is often nothing to

send the light back to the observer. Under these circum-
stances the proper colour cannot be seen. The much
admired dark blue of the deep sea has nothing to do with
the colour of water, but is simply the blue of the sky
seen by rt flection. When the heavens are overcast the

water looks grey and leaden ; and even when the clouding
is partial, the sea appears grey under the clouds, though
elsewhere it may show colour. It is remarkable that a

fact so easy of observation is unknown to many even of

those who have written from a scientific point of view.

One circumstance which may raise doubts is that the blue

of the deep sea often looks purer and fuller than that of

tbe.sky. I think the e.xplanation is that we are apt to make
comparison with that part of the sky which lies near the

horizon, whereas the best blue comes from near the zenith.

In fact, wheu the water is smooth and the angle ol obser-

vation such as to reflect the low bky, the apparent blue of

the water is much deteriorated. Under these circum-
stances a rippling due to wind greatly enhances the colour

by reflecting light from higher up. Seen from the deck
of a steamer, those parts of the wave which slope
towards the observer show the best colour for a like

reason.
(To be continued].

A valL'adlf: deposit of manganese has recently been
discovered in Hcuador, near the town of San Antonio, in

ihe pro\ ince of Pichincha, South America. The deposit

consists of a vein from j to j feet thick. The ore assays

about 3u per cent manganese with silica and iron.

BOARD OF TKADli ANNOt'NCEMliNTS.

EsPOKT or Co.»L.

In conformity with the policy of relating controls and
facilitating the return to normal conditions, certain
changes have recently been made in the conditions
atleciing the sale of coal for export, and it is now proposed,
inter alt.i, to terminate the system of limited prices at

present in operation in the case 01 coal shipped to trance,
Italy, and other .\llied countries.

I.MrORI RliSTKIC IIONS

The Board of Trade notify that general licences have
been issued permitting the importation of the following
articles:—Cocoa butter; oleo steaiine ; olive oil; fruit
(fresh), except pears and grapes ; articles of food con-
taining sugar ; aerated mineral and table waters
(sv.'eeiened)

;
gherkins in brine.

NOTES.

KovAL LNbiiiLUuN.— Next Tuesday, .May 27, at
j,

o'clock. Prof. W. H. Bragg will deliver the first of two
lectures at the Koyal Institution on " Listening Under
Water' (the Tyndall Lecture). On Thursday, May 2y,
at 3 o'clock, Sir Valentine Chirol will give the first of
two lectures on •' The Balkans.'' The Friday Evening
Discourse, on May 30, at 5.30 o'clock, will be delivered
by Sir John Rose Bradford on " A • Filter-passing ' Virus in

Certain Diseases." The closing Discourse of the Ses-
sion will be given on June 6 by Prof. Sir Ernest Ruther-
ford on ".-Atomic Projectiles and their Collisions with
Light .Moms." On Saturday, May 31, at 3 o'clock, Mr.

J. M. Price will give the first of two lectures on "The
Italian Front,'' illustrated by cinematograph films lent by
the Italian Government.

EvL PuoTECTioN IN Wi;i,Di.NC Oi'EK.v IIO-NS.— The ideal

goggle for use in welding is that which permits of

greatest visibility, and at the same time excludes beat
rays and ultra-violet rays. The author shows the spectra
of a number of commercially available glasses and
combinations of glasses, and explains bow such spectra
may be used to discriminate between various filters.

The selection of coloured glasses to yield cleprest
definition with suflicient obscuration of glare is neces-
sary where there are powerful visible rays. This
selection is a matter for experts. In addition heat-
absorbing glass may be necessary. Clear glass (but 7wl
quartz or natural rock crystal) is a protection against
ultraviolet rays which are not too intense. Dark amber
or dark amber green glasses are an absoluce filter for
ultraviolet rays; glasses showing blue or violet tints

should be avoided unless they are needed to obscure other
colours.—(W. S. Andtey/s, Oenerul Electric Rcvieiv, Dec,
igiS).—Technical Supplement,

At the recent meeting of the Faraday Society and the
Runtgen Society, Sir Robert Hadfield and Mr. S. .\. Main
gave an account of the results of the X-ray examination ol

the carbon electrodes used in steel making furnaceb.
These electrodes vary in size and reach no less than ^o
inches in diameter ; if during a melt portions fall into the
steel-bath the whole cast may become spoilt or wasted.
Sections were cut about i inch in diameter and submitted
to X-ray examination, and the results, which were ol

course of a preliminary nature, do not appear to have been
very encouraging. Where a uniform structure was noticed
in the tadiograpti the " service quality '' of the electrode is

reported as "fairly good," while another electrode that
gave by X-ray examination a cosr-e structure very full ol

opaque grains gave in service an excellent result. Faults
in manufacture such as cracks and flaws are, of course,
revealed. Further work on the subject will probably yield

valuable results.

I
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A NOVEL fotm ol CO2 indicator has recently been

evolved that presents several new leatures, the chief being

ltd exttumc simplicity ; there is no comphcated mecbanism
to gel out of order, and the percentage of CO3 is read by
tba height of a column of water. Tbs instrument can be

fixed in the stokehold so that tbo tireman can see at a

glance what 13 taking place in the turnace. The indica-

tions are said to be accurate to v/ithm i per cent. A list

of representative purchasers shows that it is being used by

most of the promineni firms in the country. Full par-

ticulars can be obtained from W.R. Patents, Ltd., 8, Old

Jewry, London, E.G.

The International Institute of Agriculture publishes a

note on the " Extent of Land under Winter Crops of

Cereals and Oil-seeds in the Northern Hemisphere," and
it is stated that the area under wheat in the United States

has been increased by 16 per cent as compared with that

of last year, while, ioi every country except this, there

appears a decided decrease in the wheat areas even

amounting to a very large decline in the case ol British

India. As regards the crop condition on April i it is

reported as a good one for wheat in the United States

and for oats in Ireland. It is classed as satisfactory for

wheat in England and Wales. In Italy, as well as for

crops in general, the condition was an average one at the

date named, while in Scotland the wheat was reported as

below the average in condition.

The demand for "power" for the manufacture of

munitions, combined with the world shortage of coal, has

made it necessary to systematical y survey the available

water power in various parts of Europe. Tae second
report of the .Water-power Committee of the Conjoint

Board of Scientific Sjcieties has just been published.

Surveys of the water power available in India, Aliica, and
the Cjlonies are being made, and all the information

collected. The probable outcome of this work will be the

employment of a deal of power to useful purposes instead

of allowing it to be wasted. Much has been done in this

direction in Germany and Austria during the war. Water
power in France is being applied largely to the electrifica-

tion of railways. In Great Britain and Ireland the present

total developed power is 210,000 B.H. P. The discovery

of large deposits of bauxite in British Guiana and the fact

that much water-power is available in the locality gives

good prospect of this colony becoming an important pro-

ducer of aluminium. It is recor ed that one river alone

offers the possibility of two and a half million B.H. P. In

Rhodesia the estimated power at Victoria Falls at low
water is 350,000 B.H. P. ; at flood power this v/ould be

greatly exceeded. The report concludes by pointing out

the necessity for training engineers to undertake the work,

and the Committee recommends that the matter be brought
to the notice of the Minister of Education and the Secretary

for Scotland.

NOTES FROM FOREIGN SOURCES

Spectrographic Study of the Ash of Marine Plants.

—Eugene Corncc.— It is known ihat a very large number
of elements are to be found in tracer in sea water, and it

seems probable that the selecti\e power of marine plants

is not limited to iodine, so that the ash of them should

contain many elements. Tae author has subjected the ash

of such plants, after extraction with water and hydro-

chloric acid, and also the precipitates corresponding to the

different analytical groups, to spectrographic examination,

the complete study of the spectrograms being limited to

the ultraviolet region comprised between 2500 and 3500
A.U. Without being absolutely general the method is

applicable for most of the heavy metals, and specially

for the rare metals. He has thus detected the presence

of metals, whi:h he has classed together in three groups.

In the tiist group he includes those which are already

known to exist in marine plants, such as silver, arsenic,

eobalt, copper, &c. The eecond group contains those
which have been detected in sea water-^bismuth, tin,

gallium, molybdenum, gold ; while the third group con-

sists of such elements as have not been found either in

sea water or in marine plants. These are antimony,
germanium, beryllium, titanium, tungsten, and vanadium.
There are no indications of the presence of elements of

the platinum group, nor of those ol the rare earths. The
absence cf ttiallium and indium is specially noteworthy.
Gold, bismuth, gallium, and germanium exist only in

specimgraphic traces.

—

Coinftes Rendus, igiQ, clxviii.,

513-

Evolution of Gas when Fused Sodium Hydroxide
is Dissolved in Water.—W. H. Schramm.— It has trt-

quenily been observed that when fused sodium hydroxide
IS dissolved in v/ater a gas of piircing odour is evolved.

The author ha? shown that this effect is produced by the

action of a very small quantity ot oxygen which is set free

by the decomposition of a chemical compound and
escapes mixed with air. The compound in question is an
alkali compound of a higher oxidation product of iron,

possibly sodium perferrite, Fe>0 X'ajO. — Chemiker
ZiiUing, igtg, xliii., 6g.

Determination of Sulphuric Acid and Sulphates.

—

?,1. G. Meiliere.—Two cnict causes of error in tne quanti-
tative determination ot SO4 as BaS04 are due 10 the

energy with which the precipitate and the filter-paper both
retain the excess ol barium salt used as precipitant by a

phenomenon of adsorption. The separaiion and washing
of the precipitate by centrifugation, weighing the sulphate

m the tube itself, does away with one ot these errors but
not the other. The washings can be much hastened by
wciking in a solution acidified with a little acetic acid at a

temperature as near roo^ as possible. A double filter

must be used and gentle suction must be employed. To
avoid the use of too much barium salt in the case of the

determination of H2SO4, baryta water may be used
and a trace of phenolphtnalein may be added ; the colora-

'ion should persist some minutes after the addition of

baryta water. Then the liquid must be acidified with

acetic acid, kept on the water-bath for and hour or two,
and then filtered.

Existence of Isotungslic Acid.— P. Barbe.---In 1847
Lanreut described an isotungslic acid, which G rber also

obtained and investigated in igty. When metatungstic
acid was boiled with excess of ammonia, or when an
ammoniacal solution of certain purified tungstic acids

was evaporated, ammonium isotungstate was said

to be formed. When calcined it gave a dark green

or even black tungstic anhydride of composition
6Wo03.2(NH4)20.7H20, which gave for the value of

i_ 3'o, whereas the value for a paratungstate would
(NH412O

'

be 23 to 24. Isotungslic acid, when reduced by
hydrogen, gave a crystalline metallic product, and the

atomic weight ot the metal appeared to be 1S7, or three

units more than the ofticially recognised number. Gerber
concluded that isotungslic acid contains, besides tungsten,

a new substance of higher atomic weight, which he called

neotungsten, but this result was not confirmed by
spectroscopy. The author has repeated the experiments,
preparing the isolungstal;^ by three different methods and
determining the ratio of W0O3 to (NH4)20 in each case.

He finds that the presence of sodium raises the value of

the ratio from 2'4 to 30, and at the same time accounts
for the other characteristic properties of isotungslic

anhydride, including the daik green colour. Thus th$

substance which Gerber called ammonium isotungstate is.

really a double tungsiate of ammonia and soda, and the

author believes that there is no real reason for suggesting

the existence of another tungsten ol higher atomic weight
than that officially recognised

—

Mnniteur Scieuliflqur-,

1919. 73-
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CORRESPONDENCE.

ANALYTICAL EXAMINATION OF ACORNS
AND HORSE CHESNUTS.

To thi Editor of Iht Chemical Nius.

Sir,— In the Chemical News, cxvi., 244 (Nov. i6, 1917),

there occurs an ab»tra:t of a paper on this eubject by
]. L. Baker and H. F. E. Hulion, in which it is Rtated

that no diastase occurs in the acorn either before or after

germination. On p. 177 of " The Principles and Practice

ol Brewing" (W.J. S)kes, 1S07) it is stated:—"Hops,
like all other plants, contain diastase, but this point

ppears to have been overlooked until attention was called

to the fact by Brown and Morris {yoiirn. TedtriXted Iml.
Brezi'ing, 1897, p. 233). The enzyme could only be

extracted by water alter removal of the tannin contained

in the bops. A similar phenomenon was observed by
Baranetzky with reference to acorns" (Sachsse, " Agri

culturchemie," p. 364).
If a plant does not contain diastase, what enzyme doe<^

it contain which converts starch into soluble carbo

bydiatea?— I am, &.C.,

Charles E. Fr.\n(k, A.I.C.
30, Albert Street, Shrewsbury.

MEETINGS FOR THB WEEK

Monday, May 26.

Royal Geographical Society, 8.30. " Recent Journeys

in Manchuria," by Capt. A. de C. Sowerby.

Royal Society of Arte, 4.30. "A New Prime Mover of

High Efficiency and British Origin," by Capt. Frank

E. D. Acland.

Tueidiy, May 27.

Royal Institution, 3. "Listening under Water," by Prof.

W. H. Bragg.
Institution of Gas Engineers, 10.30 a.m.

Royal Horticultural Society, 3. " Some Irish Gardens,"

by J. G. Weston.
Institution of Electrical Engineers, 6 30. (At Caxton

Hall, Westminster). Discussion—Electrical and En-

gineering Equipment of Modern Small Houses.

Royal Photographic Society, 7. "Spiders—Their Struc-

ture and Habits," by Dr. G. H. Rodman.
Royal Society of Arts, 4.30. " Science and Industry in

Australia," by Lient. Colonel the Hon. Sir John
McCall.

Wedntiday, May 28.

Institution of Gas Engineers, 10.30 am.
Royal Society of Arts, 4.10. "Glass-making before and

during the War." by H. J. Powell.

Royal Society of Medicine, 830. "How to Start and

Succeed in General Practice," by Dr. Steele-Perkins

Thursday, May 29.

Royal Society, 4.30. (Croonian Lecture). "Biological

Significance of Anaphylaxis," by Dr. H. H. Dale.

Royal Institution, 3. "The Balkans," by bif Valentine

Chirol.

Institution of Gas Engineers, 10.30 a.m.

Institution ol Electricil Engineers, 2 30. (\tiui1 Meeting

at Royal Society of Arts).

Friday, May 30.

Royal Institution, 5.30. "A 'Filter-passing' Virus in

certain Diseases," by Si.- John Rose Bradlord.

Institution of Mechanical Lngineers, 6.

Institute of Chemistry, 4.30. (Council Meeting).

Saliirdity, May 13.

Royal Inalitotion, 3. "The Italian Front," by J. M.
Pritre.

Analytical Chemist wanted. Must be fully
* ^ traiaed and have good general Analytical csperkncc. .'Applica-

tions must contain full particulars of age, training, experience, and
salary required, and must be made in writing to General Works
Manager, Messrs Lever Brothers Limited, Port Sunlight, Cheshiie

/ hemist, demobilised, three years' Technical
^ ' College training and one ye.ir works experience, in order lo
regain experience, lost Army service, would communicate wlih Analyst
of e.Mensive practice with view to Post as Pupil Assistant for limited
period.—.Address, R. B., Chemical News Office, 16, Newcastle
Street, Farringdon Street, London, E.G. 4.

T'^h^'mist desires Employment in London.
^-' During War, Chief Chemislin a Canadian T.N".T plant. Two
years Organic R'.search Work. Would be content to start as .Assistant
in any branch of Chemistry.— Address, S. L., Chemical News Office,
16, Newcastle Street, Farringdon Street, London, E.G. 4.

( ^hemist, with four years' training at Finsbury
^-^ Technical College, having taken active service immediately
upon completion of cours-, is now c'emobilisedand seeks lingagemeni.
— .Address, A. t- . G., 21, Chestnut K:.id, West Norwood, S.E.

Junior Assistant Chemist wanted for the Fuel
Research Laboratory. One preferred with B Sc. Degree, but not

absolutely essential- Should have pood knowledge of Geology and
Palaiobota y. State particulars of training and experience, age, and
salary required.—Address, F. K.. Chemical News Oihce, 16, Nev.--

castle Street, Farringdon Street, London, E.G. 4.

|D ESEARCH.—Repatriated prisoner, honours
^^ gradua'e, Ph>sical, especially Electro-chemigtry and Physics,

17 years in practice, record uf successful inventions, experience in
organising and running manufacture in England and Germany, before
war practising consultant, seeks suitable position.—Address, R. R,
Chemical News Otlice, ifi, Newcastle Street, Fairingdon Street,
London, E.G. 4.

Student, finishing fjur year Associate Course
in .\pplied Chemistry in June next, desires to comTiunicate with

firms !f suitable appointment. Foreign or Colonial post desirable.

—

-\ddress, " Sluaent," Ciiemk \i. Nkws Office, 16, Newcastle Street,
Farringdon Street, London, E.G. 4.

Univeriily man (Demobilised Olficer), first

class in Chemistiy and Mathematics at London Inter. B.Sc,
and excellent testimonial from his Professor, desires situation, either
of Secretarial nature or in some capacity utilising above qualificatiuna
— .\udress, U. M., Chkmical News Office, j6, Newcastle Street,
Farringdon St eet, London, E.C. 4.

RESEARCH FELLOWSHIP.
COITISH TANNER^' FEDERATION.—
Applications are invited for Post as RESE.\RCH FELLOW

to the Scottish Leather Trade. Salary £400 per annum with a finan-
cial interest, to be mutually agreed upon, in discoveries of commercial
value— Address, S. T. F., Chemical News Office, t6, Newcastle
Street, Farringdon Street, London, E.C. 4.

s

o FFERS WANTED IN-
VEGETABLE OILS,
TAR PRODUCTS,
LINSEED OIL,
CHEMICALS,
ARTIFICIAL MANURE.

Particulars, with Samples, to—

HOLYER NIELSEN and CO.,
FBEDEEJCfcS BoBi5QAEl>B 34, Col ENIIAIJES, Ut^HiUt.

SCIENTIFIC BOOKS AND SERIALS.
JOHN WHELDON & 00. li;i\c the largest stock in the country of
** Books in all departments of Scituce and Natural History, also
Transactions and Journals of Learned Societies, &c., in sets, runs,
and sii gle volumes or numbers.
LIBRARIES or BHALL PARCELS POROHABED.
SPECIAL CATALOGUES—Chemical, Botauicai. Zoological,

Ornithological, Entomolosii-al, CicoIoRiral, iXc— 2d. each post free.

88, GREAT QUEEN ST., KINGSWAY, LONDON, W.C. 2.
7i-iV;'''.:^nc'— fierrard ijii.
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A METHOD FOR THE VOLUMETRIC
ESTIMATION OF SULPHATES.

By A. C. D. RIVETT, M A., D.Sc.

It is possible to estimate sulphates volumetrically by a
simple method which, though of limited applicability, is

very useful as a woiks test in suitable solutions. The
method depends upon the fact that moist precipitated
barium oxalate reacts quantitatively by double decom-
position with dissolved sulphates of certain metals to give
barium sulphate and the soluble oxalates of these metals.
The latter may be titrated in the filtrate with potassium
permanganate.
The reaction with barium o.xalate is not rapidly com

pleted at ordinary temperature, but provided the amount
of sulphate present be not too great, a few minutes boiling
will suffice to complete it. This is apparent from the first

set of figures (Table I.). To obtain these a known weight
(0-476 gtm.) of anhydrous sodium sulphate was dissolved
in 100 cc. ol water, and treated with excess of precipitated
barium oxalate under the conditions quoted in the second
column. If the mixture had been heated it was then
copied under the tap and made up to 200 cc. exactly. A
portion of the solution was run through a filter, and a

known volume pipetted oS and titrated with decinormal
permanganate in the usual manner. An accuracy to i part
in 200 may be considered satisfactory in view of possible
errors in procedure and tha fact that the salts used were
not of the highest purity.

No.

Table I.

ConditioQs.

f Mixtureshaken intermittentlyin
(

(
the cold for five minutes . . j

I
Shaken continuously in the coid

|

( for five minutes
I

3. Brought to boiling-point .

.

4 Boiled for five minutes ..

5. Boiled for ten minutes ..

6 Bailed for fifteen minutes

\Vt. of NaoSOj found.

O 452

o +59

o 469

0475
0473
o 474

It appears that five minutes boiling is sufii^ient to com-
plete the reaction in solutions containing sodium sulphate
in amount approximating to half a gtm. in io3 cc.

Since precipitated barium oxalate has quite an appreci-
able solubility in pure water, it is clear that in very dilute

solutions of sulphate error will be introduced on this

account. This will, however, be the case over only a
limited range, for with increase in concentration of
sulphate there will be corresponding increase in concentra-
tion of sodium (or other) oxalate formed, and the ionic
concentration of the negative radicle will be sufficiently

great to repress the solubility of barium oxalate below the
limit of experimental error. In obtaining the figures given
in Table II. the detailed procedure has in every determina-
tion been the following:—
An amount of sodium sulphate (gravimetrically

standardised against barium sulphate) was weighed and
dissolved in 150 cc. of water ; precipitated barium oxalate
was added as a moist paste in amount equal to about three
times that calculated to be necessary ; the mixture was
boiled for five minutes, cooled under the tap, and made
up to exactly 250 cc. ; a portion was run through a filter,

and a definite volume titrated with decinormal per-
manganate. An approximate correction, readily deter-
mined with sufficient accuracy, was made for the volume
occupied in the 250 cc. fiask by the solid precipitates.

This procedure avoids delay in washing the precipitate.

Table II.

No. Wl. NajSOj taken. Wt, Na-jSOj found. Percentage error.

7. None 0-02I —
8. 00735 o-o8i8 +If3
9. 0-214 o 221 +3'3

10. 0327 0-336 -t-2-8
11. 0-563 0569 -fi-i
12. o 760 o 764 -fo-5

Taking I in 200 as satisfactory accuracy it appears that
the solubility of barium oxalate may be neglected only
when the solubility with which it is bailed contains more
than 0-75 grm. of sodium sulphate in 150 cc.

With amounts above this the results are quite satis-

factory, as will be seen from the next series of analyses
in Table III.

Table III.

No. Wi. NioiOj taken. VV;. N.1-2SO4 found. Percentage error

'3- 0917 0-921 4-0-4
'4- 1-262 I 263 +a-i
'5- I 326 I 3^5 -o-i
10. 1-335 I 330 -04
'7- 1-468 1-407 -o-i
18. I-7rg I 723 4-0-2

19- 2047 2 036 -0-5

If the amount of sodium sulphate exceeds abaut 2 grms.
in the 150 cc. boiled with barium oxalate, the method is

just as accurate provided that the time of boiling be in-

creased in order to complete the reaction. This is shown
in the three results given in Table IV.

No.

20.

21.

22.

Wt. NajSOi
taken.

3079
5-013

4 964

Table IV.

Time of Wt. .\'3-3S04-

boilin^

5 minutes.

3 minutes.

25 miiiuits.

found.

3034
4-889

4 949

Percentage
error.

-15
-25
-0-3

It is therefore advisable in order to save time in a
routine works test of a liquor to take an amount containing

from I to 2 grms. calculated as sodium sulphate, and to

boil this with barium oxalate in a volume of 150 cc,

If other salts be present along with sulphates, double
decomposition may take place to some extent between
them and the barium oxalate, and so lead to high results.

This is confirmed by the analyses given in Table V.

Table V.

Other sale

present.

None
2 grms. KN'Oj .

.

10 grms. KNO, .

.

25 grms. KNO, .

.

15 grms. NH4NO3
I 20 grms. bydrated

1 Na(CzH30a) .. j

No.
Wt. Na-iSOj

taksn.

23.

24.

25-

26.

I 326
1326
I 326
I 326

27- 1-326

28. 1326

found.
Percentage

error.

1-325

1 324
1-345
1-400

I 396

— O-I

-0-15

f 1-4

+56
+ 5 3

[
1-343 + 1-3

In such cases, where the amounts of other salts remain
fairly constant (as they would in a works liquor) and are

not excessively greater than the sulphate, an empirical

constant correction may be introduced with sufficient

accuracy.
This volumetric method of estimating sulphates in solu-

tion was used with success last year, practically as

described and with an empirical correction, in one of

H.M.'s factories where it was necessary to determine the

sulphate content of liquors containing principally sulphates

and nitrates of sodium and ammonium. It is very much
more rapid than the gravimetric estimation as barium sul-

phate, and the analyses given in Table VI. carried out by
one of the laboratory testers show the sort of agreement
obtained between the two methods.
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TaBLE VI.
Volumeitic. Gravimetric.

604 611
611 6-12

6-35 637
5-93 5 '99

6-36 632
608 0-05

T.ie limitations of the [ncthod are obvious. It is in-

applicable in acid solutions, and cannot be used to deter-

mine sulphates of metals forming Insoluble oxalates or

sulphates in presence of salts containing radicles capable

of forming insoluble barium salts. The presence of

halides is objectionable in preventing accurate titrations

with permanganate. There will, however, be many works
• ou'.ions to which the method may be applied with

accuracy and considerable saving of time.

Chemistry Department, L'niverrily of Melbourne,
March 3', 1919.

DErERMlN.\T10N OF PHOSPHORUS
IN PHOSPHOR TIN.

Uy WILLIAM LORD.

Thi; following adaption of Octtel's method for dsttrniin

ing phosphorus in phosphor bronze has been applied to

samples of commercial phosphor tin containing up to 6 per

cent phosphorus and found very accurate and rapid.

A method in which the metal was dissolved in aqua

tegia, the tin precipitated as sulphide, and the phosphorus

determintd as MgjPjO; in the filtrate, was found to be

worthless, the bulk of the phosphorus being carried down

with the tin sulphide. In one sample containing 26 per

cent P no trace of the element could be found in the

filtrate from the tin sulphide, but on examination of the

precipitate the whole of the phosphorus was found.

An attempt was made to determine the phosphorus by

oxidising with nitric acid and igniting the SnOj-f PjOs

with KCN, afttr filteiing through double filter-papers, as

in the ordinary determination by Oettel's method, but

extremely low results were obtained, through the re-

ducing action ot the filter-paper on the PaOs during

ignition and the consequent loss of phosphorus.

I gtm. of the finely divided metal is treated in a large

porctlain crucible with concentrated HNO3, and heated

on a walcr-bath until ox'dation is complete. This is indi

cated when nitrous fumes cease to be evolved and a per

fectly white residue remains in the crucible, in which no

bard n etall c particles can be felt with a glass rod.

Oxidation is oft<n very slow if the metal is not in a state

of fine division, the larger particles quickly becoming

coated with a piotective layer of metastannic acid.

The mass is taken to con.plete dryness and mixed with

six times its weight ci pure KCN. The crucible is

covered and gradually heated to dull redness for fifteen

minutes, by which time reduction of tin oxide to metallic

tin will be accomplished, together with a quantitative con-

veision of the phosphoric anhydride to potassium phos-

pbate. Towards the end of the fusion it is quite easy to

oolltct the tin into one globule by imparting a rotary

motion 10 the crucible, and this greatly facilitates the

sabsequent filtration. When cold the melt is extracted

with steam, the crucible being placed upright in a tall

beaker, and a jet of steam blown into it from a boiler. A
clean paint can fitted with a cork and delivery lube serves

well for the purpose. By this means the fusion may be

completely extracted in fivu or six minutes with very little

trouble. The button of tin is filtered off, and the filtrate

acidulated with HCl, to decompose KCN and KCNO.
Considerable HON is evolved, and this is best performed

under a good hood. After boiling to expel HCN a rapid

stream ot HjS is led through the hot solution to remove

any tin which may have escaped separation previously.

and the precipitate filtered off. A little bromine water Is

added to the filtrate, which is then evaporated to a bulx

of 50 cc. and cooled. It is made slightly ammoniacal,
and if any precipitate of iron or aluminium hydroxides

occurs this should be filtered off, dissolved in HCl, and
rcprecipitated, the filtrate being added to the main solu-

tion. 10 cc. of magnesia mixture are added, and the

solution stirred until the formation of crystalline magne-
sium ammonium phosphate commences, when stirring

should be stopped, and lo cc. of strong ammonia added.

It is best to allow complete precipitation by standing over-

night in water.

The precipitate is collected on asbestos, in a Gooch
crucible, and washed with 2 per cent ammonia containing

ammonium nitrate.

Alter drying in an air-bath, the crucible is heated at

gradually increasing temperature, and finally ignited at

the back of the muliie, until a perfectly white mass of

.MgiPiO; is obtained. This is seldom accomplished if the

precipitate is ignited damp. The percentage of phos-

[horus is computed in the ordinary way from the weight

of MgiPjO; obtained.

The following mixture (Price and Mead, " Technical

Brass Analysis ") was used for precipitating the phos-

phorus ;—
•Ammonium chloride .. .. n parts

Magnesium chloride .. .. 28 parts

Water 130 parts

.•\mmonia (t : i) 70 paits

I cc. = oot grni. P.

THE COLOUR OF WATER.'
By WILDER D. BANCROFT, Ph.D.,

Professor of Physical Chemistry, Cornell University.

(Concluded from p. 250J.

" Tme real colour of ocean water may often be seen

when there are breakers. Light, perhaps directly from

the sun, may then traverse the crest ol the waves and

afterwards reach the observer. In my experience such

light shows decidedly green. Again, over the screw of the

ship a good deal of air is entangled and carried down,

thus providing the necessary reflection from under the

suilace. Here also the colour is green.
" The only places where I have seen the sea look blue in

a manner not explicable by reflection ol the skv were Aden
jnd Suez. Althcugh the sky was not absolutely ovtrcast.

It seemed that pait at any rate of the copious, if not very

detp, blue was to be attributed to the water. This

requires not only that the proper colour of the water should

here be blue, but also the presence of suspended matter

capable of returning the light, unless indeed the sea

b ttoin itself could serve the purpose.
" The famous grotto at Capri gives an unusually good

opportunity ol seeing the true colour of the water. Doubt-

less a great part ol the effect is due to the eye being

shielded from external glare and so better capable of

appreciating the comparatively feeble light which has

traversed considerable thicknesses of water. The question

was successfully discussed many years ago by Melloni,

who remarks that the beauty ol the Ci lour varies a good
deal with the weather. The light which can penetiate

comes from the sky and not directly from the sun. When
the day is clear the blueness ot the sky co operates with

the blueness of the water.

"That light reflected from the surface of a liquid does

not exhibit the absorption colour is exemplified by brown
p^aty water such as is often met with in Scotland. The
sky seen by reflection is as blue as if the water were pure.

But an attempt to illustrate this fact by experiment upon

quite a small scale was not at first successful. A large

white photographic dish containing dark brown oxidised

' From the Journal of t/ie Frniikhn Intlitiilf clxxxvii., No. 3
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* pyro ' was exposed upon the lawn during a fine day.
Although the reflected light certainly came from the cleax

sky, the colour did not appear pronounced, parly in con-
sequence of the glare of the sunshine from the edges of

the dish. The substitution of a dish of glass efTected an
improvement. But it was when the eye was protected
from extraneous light by the hands, or more perfectly by
the interpositicn of a pasteboard tube held close up, that
the blue of the reflected light manifested its proper purity.

It would seem that the explanation is to be sought in

diffusion of light within the lens of the eye, in conse-
quence of which, especially in elderly persons, the whole
field is liable to be suffused with any strong light finding

access.

"As regards the proper colour of pure water, an early
opinion is that of Davy, who, in his Salinonia, pro-
nounces in favour of blue, basing his conclusion upon
observations of snow and glacier streams. The latter,

indeed, are often turbid, Out deposit the ground-up rock
which they contain when opportunity offers, as in the Lake
of Geneva. A like conclusion was later put forv/ard by
Bunsen on the bajis of laboratory observations. The
most elaborate experiments are those of Spring, who, in

a series of papers published during many years, discusses
the difficult questions involved. He tried columns of great
length—up to 26 metres ; but even when the distance
traversed was only 4 or 5 metres he finds the colour a fine

blue only to be compared with the purest sky-blue as seen
from a great elevation. But when the tubes contain
ordinary water, even ordinary distilled water, the colour is

green, or yellow-green, and not blue.
" The conversion of the original blue into green is, of

course, explicable if there be the slightest contamination
with colouring matter of a yellow character— s.f.,

strongly absorbent of blue light. Spring shows that this

is the effect of minute traces—down to one ten-millionth

part—of iron in the ferric state, or of humus. The green
ness of many natural waters is thus easily understood.
Another question examined by Spring is not without
bearing upon our present subject— viz., the presence of

suspended matter. I am the better able to appreciate the

work of Spring, that many years ago I tried a variety of

methods, including distillation in vacuo, in order to obtain

water in the condition which Tyndall described as
' optically empty,' but I met with no success. Spring has
shown that the desired result may be obtained by the

formation within the body of the liquid of a gelatinous
precipitate of alumina or oxide of iron, by which the

fine particles of suspended matter are ultimately caried

down.
" Perhaps the most telling observations upon the colour

of water are those of Count Aufsess, who measured the
artual transmission of light belonging to various parts of

the spectrum. The principal absorption is in the red and
yellow. In the case of the purest water there was practi-

cally no absorption above the line F, and a high degree of

transparency in this region was attained even by some
natural waters. That these waters should show blue,

when in sufficient thickness, is a necessary consequence.
"In my own experiments, made before I was acquainted

with the work of Aufsess, the light tiaversed two glass

tubes of an aggregate length nf about 4 metres (12 feet).

On occasion the light was reflected back so as to traverse

this length twice over. I must confess that I have never
seen a blue answering to Spring's description when the

original light was white. For final test I was careful to

employ the light of a completely overcast day, which was
reflected into the tubes by a small mirror. The colour,

after transmission, showed itself very sensitive to the

character of the original source. The palest clear sky
of English winter's day gave a greatly enhanced blue,

while, on the other band, isolated clouds are usually

yellowish, and influence the result in the opposite
direction. I should myself describe the best colour of the

transmitted light on standard days as a greenish blue, but

there is some variation in the use of words, and perhaps

in vision. Some of my friends, but not the majority
spoke of blue simply, but all were agreed that the blueness
of a good sky was not approached. The waters tried

have been very various. Sea-water from outside the

grotto of Capri, from Suez, and from near the Seven
Stones Lightship off the Cornish Coast, I owe to the kind-

ness of friends. Of these the two former showed a
greenish-blue, the latter a full, or perhaps rather yellowish,
green, and these colours were not appreciably modified
after the water had stood in the tubes for weeks. It is

important to remember that the hue may to some extent
depend upon the thickness. It is quite probable that in a
greatly increased thickness the Capri and Suez waters
would assume a more decided blue colour. But I do not
think the Seven Stones water could so behave, the colour,

with 12 feet, seeming to involve the absorption of blue
light. Further observations on greater depths of sea-water
would be desirable. A naval son informs me that off the
coast of Greece a plate lying in six fathoms of water
looked decidedly blue, although the sky was a dirty grey.

I have doubts whether this would be generally the case in

the Mediterranean ; the green due to modsrate thicknesses
seems too decided.

"Of natural fresh waters that I have tried, none were
better than that from a spring in my own garden. This
water is hard, but bright and clear, and it shows a
greenish-blue, barely distinguishable from that of the
Capri and Suez water. Distillation does not improve the

blue. Neither did other treatments do any good, such,
for example, as partial precipitation of the lime with
alkali, or passage of ozone with the idea of oxidising

humus. Wishing to try water of high chemical purity, I

obtained—through the kind offices of Sir J. Dewar—water
twice distilled from alkaline permanganate, and condensed
in contact with silver, but the colour was no bluer. In the

light of this evidence I can hardly avoid the conclusion
that the blueness of water in length of 4 metres has been
exaggerated, especially by Spring, although I have no
reason to doubt that a fully developed blue may be
obtained at much greater thicknesses. I should suppose
that sufficient care has not been taken to start with white
light. It may be recalled that overcast days are not so
common in some parts of the world as in England.
"A third possible cause of apparent blueness of the sea

must al°.o be mentioned. If a liquid is not absolutely

clear, but contains in suspension very minute particles, it

will disperse light of a blue character. Although, un-

doubtly, this cause must operate to some extent, I have
seen no reason to think that it is important. But
the existence of three possible causes of blueness com-
plicates the interpretation of the phenomena. Hitherto,

observers have not been sufficiently upon their guard to

distinguish blueness having its origin in the sky from blue-

ness fairly attributable to the water itself."

The question at issue seems to be whether Lord Ray-
leigh's negative results are to outweigh Spring's positive

results. On general principles, there are so many ways of

failing in an experiment that a positive result usually out-

weighs any number of negative ones. On the other hand.
Lord Rayleigh is such a careful worker that his conclusions

are not to be rejected hastily. The fact that he does not
give details to the same extent that Spring does cannot be
charged against him because be was delivering an address
before the Rjyal Institution, while Spring was writing a

series of scientific papers. The whole question must there-

fore be considered as open for the present, though one may
at least hope that Spring will prove to be right.

Beebe seems to feel that the colour of water is entirely

an optical illusion (" Sea-Wrack," Atlantic Monthly, 1918,
48t). " One finds numerous examples of these sensory

deceits at sea. The wind flutters the fins of the flying

fish and we think they actually fly. The tropic sea, under
the palest of green skies, is saturated ultramarine, save

where the propellers churn it to peagreen, yet in out bath
the water is clear and colourless. . . . The great

unlovely bow rose and reached forward and settled, until
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B8 I lay (ace-downward our speed seemed increased many-
fold. And I wondered if the wooden expression which

always marked the figure head ladies and gods had not

its origin in the hypnotic joy of forever watching the

molten cobalt crash into alabaster, this into emerald, then

to merge again into the blue, which is a hue born of depth

and space and not of pigment."

By L.

GALLIUM.*
M. UliNNIS and J. ALLINGTON BRIDGMAN.

',Cou(iaued from p. -mS).

The Distillation 0) Gallium Chloride.

Zinc chloride boils at 730 . Indium trichloride volatilises

very slightly at 440^* and only slowly at Goo^. Gallium
trichloride melts at 75'5" and boils at 215—220°. These

with a view to ascertaining whether gallium chloride free

from zinc and indium might be thus prepared.

A preliminary chlorination and distillation was made
with a portion of the original alloy. A glass tube of about

2 cm. diameter was slightly bent in the middle, and a

porlion of the alloy (3'3g62 grms.) was placed in the lowest

part of the bent lube. A small oven constructed of

asbestos board was placed around this portion ot the tube

(Dennis, " Gas Analysis," p. 202). Dry chlorine was
passed through the tube, and the oven was heated to 240°.

Some of the resulting chlorides distilled and condensed in

the cold portion of the tube beyond the oven. The spark

spectrum of this material showed taint lines of indium and
zinc and strong lines of gallium.

An apparatus of the form shown in Fig. i was then con-

structed, the tube A being of Jena glass. About 4 grms.

of the alloy was placed in A, dry chlorine was passed into

the tube, and the lower end of A was heated to start the

(acts warranted the study of the fractional distillation of

fh: anhydrous chlorides) of zinc, indium, and gallium,

• This, article is based upon (he thesis presented to the Faculty ol

the Gradu Me School of Cornell Un'versiiy by J .\llington Bridgman

in partial fulfilment of the requirements for the de«ree of Doctor of

Philosophy. From ibe journal 0/ the American Chimical Society,

xl.. No 10.

reaction between the alloy and the chlorine. The heat of
reaction then suffices to complete the chlorination, and it

causes some of the chloride to distil to the upper portion
of the tube, nearly to the side-arm. After chlorination was
complete a Snowdon electric furnace was brought up
around the lube a, and this was then heated to about 230'°

{Cornell Chemiit, 1914, iv., 13). This caused a portion
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"f the chlorides to distil ovec into B. The temperature was
'aised to 230°, and the distillation was continued for about
one hour. The spark spectrum of the material that con-
densed in B showed the presence of a preponderating
amount of gallium, and the lines of indium were only
faintly visible. The material remaining in the tube a

showed strong lines of gallium, indium, and zinc.

Purified gallium chloride from the tube B (Fig. i) was
again distilled in chlorine, the side-arm for the apparatus
in this case being fused to a tube of Jena glass that had
two depressions, bc (Fig. 2). Gallium chloride was

These distillations were carried out in a tube of Pyrex glass
of about 20 mm. external diameter, bent into a series of nine
depressions (Fig. 3). The tube was constricted between
the depressions. 53978 grms. of the original alloy was
placed in the first bend a, and dried chlorine was conducted
through a glass tube, the end of which dipped below the
surlace of the alloy. The reaction between the chlorine
and alloy was started by heating the latter with a Bunsen
flame. The action was at first violent, the union of the
chlorine with the metals being accompanied by the
emission of a bluish light and a play of incandescent

^i.
A

Fig. 3.

"T£i'/a

Fig.

Fig. 5.

melted and poured into the tube A. Dry chlorine was
passed through the apparatus, and A was heated to from
220—240° in a Snowdon furnace. Gallium chloride that

condensed in B was then distilled over into the depression

c by heating the tube B with the flame of a Bunsen burner.

The spark spectrum of the chloride that condensed in c

showed very faintly the a line of the indium specirum when
a large amount of the material was placed in the spark

cup.

The above preliminary experiments gave reason 10 suppose
that stveral successive distillations of gallium chloride in a

current of chlorme would free it from indium and zinc.

particles throughout the tube in the neighbourhood of the

sample. When a layer of the molten chloride had formed
above the metal the chlorination proceeded quietly.

After the metals in the alloy had been completely con-

verted to chlorides, the portion of the tube m<irked A was
surrounded by the asbestos oven mentioned above and
was heated from 220—250". A portion of the chlorides

distilled over into depression i. The chloride was suces-

sively distilled in this manner from one section to the next

until it finally was collected in the last section. No. 8, of

the tube. The distillation of the chloride from one
depression to the next was effected by slipping over the
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glass tube the barrel ol a potous cup from wbich the

bottom bad been cut off, and which had been wrapped with

nichrome ribbon so that it could be electrically heated.

This heating tube was about 7 cm. in diameter and 15 cm.

long. In distilling the chloride trom section i to section 2

the healing tube was placed around depression i, and the

current was adjusted to raise the temperature lo 25.1^ In

the succeeding distillations the hearing tube was moved

along until it covered the section containing the chloride

and the current was adjusted togive a temperature tanging

from 235— 245'. A slow current of chlorine was passed

through the tube during the distillations. The spark

spectrum of the material which condensed in section S of

the tube, and which consisted chiefly of gallium chloride,

still showed faintly the lines of indium and zinc. The

indium spectrum was stronger than from the material

obtained in the preceding experiment.

The failure to obtain pure gallium chloride by these

eight distillations may have been due either to (i) insuffi

cienl vertical lise between the different depressions in the

distilling tube, which might allow the chlorides of zinc

and indium to be carried along mechanically ; or to (2)

over heating during the chloiination of the alloy, which

might cause c ther the diolillation of some zinc chloride, or

the distillation of indium monocbloride or indium dichloride

before the conversion of the indium to the trichloride was

complete ; these lower chlorides of indium would first be

formed, and they ate more volatile than the trichloride.

To remove the first of these possible diftici'lties an

apparatus of different form was constructed (Fig. 4). This

was blown entirely of Jena glass, and the tubes .\ and D

were luted at the top with widened inlet tubes that were

ground into the necks of the two distilling tubes. The
gallium chloride from the two preceding experiments,

which was nearly free from zinc and indium, was pielted

and poured into the tube a. Glass-wool that had pre

viously been washed with hydrochloric acid and carefully

dried was inserted in A and i> around the inlet tubes. The

chlorides were distilled from a into D in a current of dry

chlorine by heating A with a Snowdon furnace from 230—
255°. The material that condensed in D showed the lines

of neither zinc nor indium. This chloride was removed

from 1), dissolved in water, and its solution was electrolysed

with a rotating rod of platinum as cathode until a small

amount of n-etal was deposited. The spark spectrum of

the solution of this deposit in hydrochloric acid showed

the lines of neither zinc nor indium.

Because of the success of this method of distillation In

freeing gallium chloride from indium and zinc it vs'as

decided to convert the large amount of metallic gallium

that had been prepared by electrolysis (see auti) to

the chloride, and to subject this chloride to all dis-

tillations. This gallium was nearly free from indium

and zinc. The chlorination of the metallic gallium

was carried out in the bent tube t. (Fig. 5) of Jena

glass that was fused to the inlet tube u of the flask a

(Fig. 4). Metallic gallium was placed at the depression c

and the chlorination was made as described above, B not

being connected with a during the procedure. This

avoided the possibility of the disiillation of zinc chloride

and lower chlorides of indium into a and r> during the

chlorination of the metal. After chlcrinalion was com-

plete the tube v. was insetted into the ntck of the flask A,

and I was warmed lo such a temperature as caused the

chlorides to melt and flow down into a. The current ol

chlorine was continued through the apparatus, and a was

healed in a Snowdon furnace while the chloride disiilltd

through the glass-'.vool from a into u When all of the

chlorides had condensed in i) the healing of a was ditLOii-

tinued, and the furnace was brought up aiounu the tube i)

and the chloride was again distilled through the glass-wool

into the tube 1;, where it condensed.

In the first chlorination and double distillation 5009
grms. of the purified metallic gallium was employed. A
slight leakage of the vapour ol gallium chloride into the

outir air took place through the ground joints at the top

of A and u. This was stopped in the next distillation by
sealing these joints with water-glass.

A second portion ol gallium weighing 92982 grms. was
chlorinated and distilled, and then a third sample weighing
!> 4075 grms. was later chlorinated and distilled.

I'be residue leit in a after the first two samples had been
distilled over was tested for the presence of zinc with the

microscope, using solid potassium meicuric thiocyanate
(Behrens, Zeil. Anal. Chem., 1891, xxx., 141), and zinc

was found to be present.

The residue remaining in c where the chlorination was
carried-on and the chloride that condensed in D gave no
test for zinc by this method. This method, however, has
been found to be not wholly reliable for the detection of

minute amounts of zinc in the presence of large amounts
of gallium (Ruth E. Chipmaii, "The Mercuric Sulpho-
cyanates as Reagents in Microscopic Qualitative Analysis,"

a thesis presented to the Faculty of the Graduate School
of Cornell University, June, 1917).

In an attempt to increase tne delicacy of this micro-
scopical test for zinc the gallium chloride was first

volatilised at 250° and the test was then applied to the

residue, but the results were not successful. The most
satisfactory method for determining the purity of the

gallium chloride prepared hy the above method was found
to be the photographing of the arc spectrum of the

material (see ante). This redistilled gallium chloride was
found to be speciroscopically free from zinc and indium,
and by the method above described it was shown that it

could not contain more than 0005 per cent of either of

these two elements. Two successive distillations of

gallium chloride in the apparatus shown in Fig. 3 there-

fore yield a product of high purity.

(To be coDtiDued).

THE ESTIMATION OF PHOSPHORUS IN THE
PRESENCE OF TUNGSTEN.*

By G. VVWTSON GRAY aud J.\MES SMITH (Liverpool).

I.N view of the large amount of tungsten used in the
manufacture of high-speed steel, the question of the esti-

mation of phosphorus in the presence of tungsten is an
impoitant one, but, although important, does not appear
to have had the attention it deserves. Judging from
numerous analyses which have come under the authors'
notice, many chemists seem to find less phosphorus than
is actually present. On investigating the cause of

some of the low results they were found due to faulty
methods. Taking ferro-tungsten as an example, the
authors found that the method adopted by many chemists
was to decompose the ferro-tungsten by fusion or other
methods, separate the tungstic acid by evaporating to dry-

ness with hydrochloric acid, and estimate the phosphorus
in the filtrate. This method is altogether wrong, as a
large amount of the phosphorus present is precipitated
with the tungstic acid as phospho-tungstic acid, and the
phosphorus so precipitated is lost. Most feiro-tungstens
contain only 0015 to o'030 per cent phosphorus, and with
these the error is perhaps not quite so glaring, but odd
samples made from phosphoric tungsten ores contain up
to 0100 per cent, and sometimes even more. It is in

these high phosphoric samples that the error stands out
prominently. The authors have seen samples containing
0100 per cent phosphorus returned as containing o'oaoper
cent. To illustrate this point a table of results obtained
by using the faulty method described above is given,
together with the figures obtained by further examining
the residue of tungstic acid tor phosphorus. These results

are only a lew selected from a large number of samples
examined.

A paper read before the Iroo and Steel Institute, May 8, rjrg.
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Sample No. i. 2. 3. 4. 5. 6.

p.c. P.c. P.c. P.c. P.c P.c.

Phosphorus in fil-

trate 0023 0-017 0022 0014 0017 0-013

Phosphorus in tung-

sticacid residue. . 0057 0071 o-o8o 0-055 0-032 0020
Total phosphorus . . 0-080 0-0S8 0102 0069 0-049 ° '^ii

From the above table it will be seen that the larger pro-

portion of the phosphorus contained in ferro-tuagsten is

precipitated with the tungstic acid, and any method ol

analysis which is based on separating the tungstic acid

before estimating the phosphorus must give low results

for phosphorus. It occurred to the authors that there

might possibly be some definite ratio between the amount
of phosphorus precipitated and the amount not precipi-

tated, but after making numerous analyses of samples of

ferrotungsten it was concluded that there was no ratio,

neither have they been able to determine the conditions

necessary either to precipitate all the phosphorus with the

tungstic acid or to precipitate the tungstic acid free from

phosphorus. These lo-vv phosphorus results not only occur

with ferro-tuogsten, but also with tungsten ores. To
quote one example out of many, a sample of wolfram

which contained 0-200 per cent phosphorus was returned

by one chemist as containing 0030 per cent. The same
state of things also obtains to some extent with tungsten

steels—in fact, some tungsten steels when analysed by the

usual method show only a trace or no phosphorus at all,

even when it is known that phosphorus is present. Indeed,

it has been suggested that the phosphorus is slagged out

in making tungsten steel because the amount of phos-

phorus in the ingredients used was so much higher than

that found in the finished steel. It appears to the authors

that the discrepancy is due not to slagging out the phos-

phorus, but to the whole of the phosphorus in the finished

steel not being obtained in the analysis owing to the cause

stated above.

The method devised by the authors lor the estimation

of phosphorus in ferro-tungsten, tungsten powder, and

tungsten ores, which has proved to be an accurate one

after some years of service, is as follows :

—

Fuse 2 grms. of the finely powdered sample with

ro grms. nitre mixture (NaaC03-t-KN03 in molecular pro-

portions) in a large covered platinum crucible, dissolve the

melt in the least possible quantity of water, filter, and

wash free from lungslates with boiling water containing a

little ammonium nitrate (six washings are sufficient).

Ignite the residue in the original crucible, transfer !0 a

400 cc. beaker, dissolve in hydrochloric acid, and evaporate

to dryness. To the filtrate add 20 cc. hydrochloric acid,

and about 2 cc. bromine (biomine, not bromine water),

stir well until the liquid is distinctly coloured by bromine,

add ammonia until the precipitated tungstic acid is dis-

solved, and then a further quJintiiy of strong ammonia
equal to one-fourth of the orig.nal bulk of the liquid. The
volume of the liquid should now be about 250 cc. Cool

and add 3 cc. magnesia mixture, stir well, and allow to

stand for six hours, or preferably over night. It is

generally supposed that ammonium magnesium phosphate

is much more soluble than it really is. The authors found

that under the conditions described, the phosphorus is

completely precipitated by magnesia mixture.

Filter through double papers and wash six times with

ammonia water (10 per cent). Dissolve the precipitate in

hydrochloric acid, allowing the liquid to run into the

beaker containing the iron, evapoiste to dryness, take up

with 10 cc. hydrochloric acid, dilute, saturate with sul-

phuretted hydrogen to remove arsenic, tin, &c. ; filter,

wash, boil off sulphuretted hydrogen, add 50 cc. ferric

chloride (i grm. pure iron dissolved in hydrochloric acid,

oxidised with nitric acid, and made up to i litre), cool

completely, add ammonia until a distinct ditty green pre-

cipitate is obtained, then acetic acid until the precipitated

ferrous hydrate is dissolved, boil well, and filter oflf tbe

basic ferric acetate which contains all the phosphorus,

dissolve in hydrochloric acid, boil, add a few cubic centi-

metres nitric acid, and precipitate with ammonia. Boil,

filter, wash, dissolve in nitric acid, and precipitate tbe

phosphoric acid with ammonium mclybdate as usual.

The method may also be used tor the estimation of

phosphorus in alloy steel, but as steel cannot be fused
directly with nitre mixture it should be dissolved in nitric

acid in a dish or wide beaker, evaporated to dryness, and
baked on a hot plate until the nitrate of iron is decom-
posed to oxide. The resulting oxide of iron, &c., can
then be easily and cleanly removed from the dish or

beaker with the aid of a flexible spatula and wiping with
a little damp filter paper. It is then fused with nitre

mixture and the analysis proceeded with as directed for

lerro-tungsten. The method is especially useful for

vanadium steels, as by its means the vanadium (which
interferes very considerably with the estimation of phos-
phorus by tbe molybdate method) is completely got rid of

before precipitating with molybdate.
The authors have submitted the method to chemists in

several large steelworks, who have found it satisfactory.

CHLORINATION OF BENZENE.

At a meeting of the Birmingham and Midland Section of
ihe Society of Chemical Industry on Tuesday, May 6
(Dr. E. W. Smith presiding) a paper on tbe " Chlorination
of Benzene —Analysis of Mixtures of Benzene, Chloro-
benzene, and Dichlorobenzene, &c.," was read by Mr. S.

Raymond Carter, who had prepared the notes with the aid
of Percy F. Frankland and Dorothy Webster.
This method is similar in principle to that employed by

n. G. Colman for the determination of toluene in com-
mercial toluol, and consists in distilling from an Engler
flask 100 cc. of the sample at the rate of 7 cc. per minute
and intertuping the distillation at 122° C. (corr.) and 142°

C. (corr.). From the amounts distilling below 122° and
above 142^ the percentages of benzene and chlorobenzene
are obtained from a graph, and the dichlorobenzene may
be found by diff^erence.

Experiments with mixtures cf known composition have
shown that the percentages of benzene and chlorobenzene
deduced from the graph are not affected by the other
products which are likely to be formed during the chlori-

nation of benzene. The method is an expeditious one—

a

distillation being complete in half to three-quarters of an
hour, and it proves eminently suitable for investigating

the products obtained from the chlcrination of benzene
either on the experimental or industrial scale.

INTER ALLIED CONFERENCE OF CHEMISTRY
AT PARIS.

O.N the initiative of the Societe de Chimie Industrielle an
interallied conference has recently been held in Paris.
The French delegates included representatives of the
Societe Chimique de France, the oldest French chemical
society, the Sociele de Chimie Industrielle, I'Association
des Chimistes de Sucrerie et Distillerie, the Societe de
Chimie Physique, the Societe de Chimie Biologique, the
Societe des Experts Chimistes, I'Association des Chimistes
de I'lndustrie Textile. Belgium was represented by M.
Cbavanne -, the United States by Mr. Wigglesworth, Dr.
Cottrell, Lieut. -Col. Barton, Mr. John Pennie, Lieut. -Col.
Zanetti, Lieut. Col. Norris, Major Colin Mackall, Lieut.
Sidney Kirkpatrick, and Mr. Donald Riley ; the United
Kinedom by Sir William Pope, Prof. Henry Louis, Mr.
Chapman, Mr. Reid, Mr. Stephen Miall, Mr. Edwin
Thompson ; Italy by Prof. Emanuel Paterno, MM.
Guiseppe Paterno, Pomilio, Giordari, Parodi Delfino, and
Baibier. Prof. Cbatlee Mouteu presided over tbe meetings,
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which took place in ptivat-:. and at which the statutes of

an international confederation, which is to aim at bringing

about an intimate alliance between France, England,
Belgium, the United States, and Italy, were fixed. An
inter-aliied council, which is to meet in London on July

15— lb, was appointed, each nation appointing two
members as follo.vs :

—
Belgium—MM. Chavanne and Crismer.

United States— Or. Cottiell and Lieut. -Col. Zanetti.

France— MM. Moureu and Paul Kesliier.

Great Britain—Sir William Pope and Mr. Henry Louis.

Italy—Senator Paterno and M. Parodi-Dtrlfino.

General Secretary— Mr. Jean Gerard.

At the public meetings, which took place on April 14

and 13, communications of the greatest interest were
presented. Prof. Louis described modern methods of

enriching iron minerals by magnetic separation, and Dr.

Cotlrell gave an account of the preparation of helium for

balloons and dirigibles. A communication on the potash

industry in the United States by Mr. MacUowell was also

read at the meeting on .\pril i (, and on the following day
an exposition of the .America 1 patent laws was given by
M . John Pennie. .\ banquet was held in the evening,

and on the iCth a visit was paid by the members of the

Conference to the devastated region of Chauny.

BOARD OF TRADE ANNOUNCEMENTS.

Import Restrictions

The President of the Board of Trade, after duly con-

sidering the recommendations of the Consultative Council

on Imports, has given the following further directions in re-

gard to the prohibitions of imports :

—

The restrictions on the importation of the following

articles «re to be removed.

201. Printing inks.

2oi. Oil-lamp burners.

203. Gas burners.

jot. Metal parts and accessories of pedal cycles except

those mentioned under No. 225.

205 The following painters' colours and pigments except

in so far as they may fall within the s:ope of the

Prohibition of Import (No. 2y) Proclamation of

February 24. 1919; -A!.phaltuni ; bitumen for black

varnish ; bone pitch ; Brunswick black ; burnt

sienna ; bone black ; carbon black ; carmine
;

China ink ; Chinese ink ; cinnabar native ; cobalt

oxide; earth colours: earth sienna; gamboge;
gamboge gum ; Indian ink ; imitation goU leal

;

lime green ; ochre; orpiment ; umber; zaflfte.

206 Aluminium powder.

207. Fancy goods (articles de Paris).

20S. Jiwellcrs' findings; that is, chain, brooch catches,

pins and joints, snaps, bolt and split rings of base

metal or gilt.

2og. Paints and enamels (from July i).

210. Aerated mineral and table waters.

226. The following painters' colours :— Litharge, ultra-

marine blue, white lead, satin wh.tt, lamp black.

227. Metal fittings and frames for bags and trunk.s.

228. Raw spirits for industrial purposes.

229. Ri;claimed rubber.

In accordance with the above, general licences have

been issued for the articles mentioned in items 202 to 206.

In the case of printing inks and aerated mineral and table

waters general licences are already in operation, and a

general licence vAi\ be issued in due course for paints and

enamels.

Applications for special licences should be made as usual

to the Department of Import Restrictions, 22, Carlisle

Place, London, S.W. 1.

Export op Foodstufi-s to Germany.
The Board of Trade announce that, following on the

relaxatioris recently made in the Blockade regulations

relating to foodstufls whereby :
—

(a) The quantitative limitations on the import of food-

stulTs into neutral countries have been removed ;

(b) Consignment may be made direct to neutral traders,

and need no longer be made through the N.O.T.
ur other importing associations ; and

(it) Export from neutral countries to Germany is

allowed
;

it has been decided to authorise the resumption, by firms

in the United Kingdom, of exports of foodstuffs to Ger-
many, through neutral and allied countries, within the

monthly ration of foodstufls allowed to Girnany under
the Brussels Agreement, and a general licence under the

Trading with the Enemy legislation has been issued to

give effect to this decision.

.'Ml airangements for finance should be made by, and at

the risk of, the private traders and the neutral or allied

firm or Government concerned.

Foodstuffs on List C of prohibited exports may be ex-

poited to Northern Neutrals and Switzerland, as well as

tu allied countries without licence ; but foodstuffs on
Lists A and 3 can be so exported only under licence from
the ExpDit Licence Department, 4, Central Buildings,

S.W. I.

The term " Foodstuffs " means food, beverages, spices,

edible oils, or other articles intended solely for the manu-
facture of human food.

PROCEEDINGS OF SOCIETIES.

ROYAL SOCIETY.
Ordinary Meeting, May 15, 1919.

Sir J. J. Thomson, O.M., President, in the Chair.

Tut following papers were read ;
—

"On the Area of Surfaces." By Prof. \V. H. VotNu,
F.R.S.
Many attempts by well known writers ha\e been made

to frame a theory of the area of surfaces. These efforts

have been attended with so little success that even the

most recent textbooks define the atea of a curved surface

by means of the formula known to hold in the case of a

surface of revolution. Not even in the matter of the

definition itself has anything which can be regarded as

final been achieved, still less has it been found feasible

to proceed from the definitions which have been given to

the formula required.

In the present communication the author attacks the

question from an eniirely new point of view. The defini-

tion given is based on what is itself a new concept,

namely, that of the area of a closed skew curve. It is

characterised further by the use to which is put the idea

that the surface is, like a curve, an ordered manifold, the

order being double instead of single.

The surface is accordingly supposed defined by equa-

tions of the form

—

Ar = .v(«, f) > = )(",!') t = i{u,v)

and divided up by the curves—

M = const. V = const.

On the fact that the sum of the areas of the boundaries

of the portions of surface thus obtained has a unique

limit, the dtfiiii'.ion of the area of a surface is based. The
curve boundaries have in fact an area whenever they

possess a length. Moreover, the unique limit obtained

for their sum is shown under very general conditions to

have precisely the value given by the well-known formula.
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It may ba added, though this is not proved in tlie paper,

that the theory developed may be utilised to indicate the

limitations ot the older method, based on triangulation,

and at the same time to notably exlerd such results as

have been obtained by earlier writers.

" On Change of the Independent Variables in a Multiple

Integral." By Prof. W. H. Young, F.R.S.

"Researches on the Chemistry of Coal. Part I. The

Action uf Pyridine upon the Coal Substance." By Prof.

W. A. Bone, F.R.S., and R. J. Sarjanp.

The paper records the result of an experimental investi-

gation of the so-called solvent action of pyridine and

homologues upon the coal substance, with the double

object of clearing up certain discrepancies in the work of

previous investigators, and of determining the real nature

of the action in question.

It is shown that the presence of oxygen has an im-

portant retarding action upon the extraction process (the

extent of which varies considerably with the nature of the

coal), and that in order to obtain consistent results in any

such process, it is necetsary not only to employ an

anhydrous solvent, but also to exclude oxygen. A suit-

able apparatus and method are described fcr carrying out

the process under standard conditions, such as will give

consistent results of comparative value with various coals.

The application of the method to two typical isomeric

bituminous coals is fully described. It is shown that when
such extraction is carried out at ordinary pressures, with

exclusion of oxygen, a practical limit is finally attained.

In the case of the two coals in question, this limit con-

siderably exceeded the amount of "volatiles" yielded by

them on carbonisation at 950°. At higher pressures this

first limit was considerably passed, and when conducted

in sealed tubes between 130° and 150° as much as two-

thirds of the coal substance was rendered soluble.

The results as a whole indicate that neither pyridine

alone, nor even pyridine in conjunction with chloroform,

is capable of extracting in a pure condition the resiniccon-

stituents of the coal substance, and that in addition to any

ordinary solvent action which pyridine may have upon

such constituents it also at the same time slowly attacks

and resolves into simpler molecular aggregates the complex

structure of the coal substance as a whole, for which it

has a marked affinity.

" A New Method 0/ Weighing Colloidal Particles."

By Pfof. E. F. Burton.
When fine colloidal particles ate dragged up and down

for equal periods in a liquid by the application of a vertical

electrical field a net settling of the particles is notad. It

ia thought that, although for small forces such a< gravity

alone the Brownian movement prevents the attainment

of any limiting velocity, yet when the particles are draggetl

by a much larger forc« the comparatively insignificant

gravitational force is added to the electrical for downward
motion and subtracted foe upward motion, thus becoming
effective in producing a net settling of the particles.

Application of Stokes's Law to this net settling gives a

value for the size of the particles very closely agreeing

with that obtained by the counting method {e.g.,

2'2 X 10-5 cm. and 17 x 10-5 cm.) even though values to

hand are taken from old observations made when this net

settling was not appreciated and not closely observed.

Experiments are now in hand to determine this settling

very exactly. By the application of ullra-microscopic

illumination of single particles in a slowly alternating

field, it is hoped that the setting will be observed over an

extended interval and that a very exact method of weigh-

ing these particles will be developed. In addition, the

method should prove useful in determining the effect of

the addition of various electrolytes on the size of colloidal

particles and thereby shed much light on incipient pro-

cesses of coagulation.

" The Value of the Rydberg Constant for Spectral

Series." By W. E. Curtis.

PHYSICAL SOCIETY.

Ordinnry Meeting, March 28, 1919.

Prof. C. H. Lees, President, in the Chair.

A DISCUSSION on " Metrology in the Industries " was held.

Sir Richard Glazebroo':, C.B., F.R.S., in opening the

discussion, traced briefly the early history of metrology.

While in some form or other it must have been employed

in the very earliest times— if what antiquarians told us of

the Pyramids was correct—the first application of really

accurate measurement to mechanical engineering was
chiefly due to Sir Joseph Whitworth, who taught people

to make their length measurements with great accuracy

and introduced reference gauges. The next step was the

use of limit gauges. This greatly simplified the gauging

of repetition work. At the time of the Boer War the

supplies of ammunition, especially breech plugs of guns,

weie not interchangeable as obtained from different shops.

Tnis led to the formation of the Engineering Standards

Committee on Gauges, which tackled the problem of pro-

ducing accurate gauges with defined limits and tolerance,

and by 1914 a certain number of liims i..id introduced the

use of limit gauges. In 1915 the cry for munitions on a

great scale brought home the great importance of inter-

changeability and the need for strict standardisation of

gauges. When screw gauges were first tested at the

National Physical Laboratory the rejections total'ed 75 to

80 per cent ; but after two years this was reduced to about

20 per cent. Now, if we are to maintain our position in

peace, the maintenance of intetchangeability in the

engineering manufacture is equally necessary, so that we
may manufacture in quantity. Much has yet to be done

if we aie to keep ahead, and the co-ordination of research

with routine testings is vital to the progress of the

science.

Mr. Taylor (of Messrs. Taylor, Taylor, and Hobson)

agreed that the %var had produced a great advancement in

the standardisation of manufactures ; but we were apt to

overlook much that had been done in this way before the

war. Interchangeabilty of manufacture had existed, for

instance, in the watch trade in Switzerland for centuries.

Ill America, interchangeable manufacture had been intro-

duced by Col. Colt in the Civil War, and was widely

practised in America before it was generally understood in

this country. But something, nevertheless, had been

done in this country. The Linotype Company had done

much in this way, while bicycle making had taught us a

great deal of interchangeable manufacture. Out schools

were at fault in teaching the science of dasign to the ex

elusion of the science of the workshop.

Sir Henry Fowler (Chief Mechanical Engineering

Department, Midland Railway) said he was sure the

country did not realise the debt it owed to the National

Physical Laboratory in connection with gauges. While,

as Mr. Taylor had said, a certain amount of interchange-

able work was done in this country before the war, the

country, as a whole, did not appreciate the advantage of

limit gauges. A great deal of education is still wanted.

To produce economically we must produce in quantity.

For this it is essential to have intetchangeability, and we
can only have this if the science of metrology goes

ahead.
Dr. P. E. Shaw (University College, Nottingham) said

he thought the extent to which metrology had now
permeated the workshops of the country made decentrali-

sation desirable, and he thought the universities were the

proper sites for the subject. He had instituted a depart-

ment of metrology in University College, Nottingham, in

1915. The instruction would be mainly practical, but

preliminary lectures would be necsssary as well. In

addiiion to the instruction work testing should be done,

the standards used being verified periodically at the

National Physical Laboratory. Such work is essential to

the vigorous growth of the subject.



262 Notes. Chemical News
I May 30. igig

Mr. DvKEs emphasised the importance of limit gauges
in all classes o( manufacture, even of such things as

ploughshares and perambulator wheels. He recommended
that the National Physical Laboratory should have two
classes of tolerances for commercial gauges, the lower
class being suitable for coarser work. He urged the more
widespread use of the screw gauge protector.

Mr. M. F. Ryan (Director of Munition Gauges) said

the early production of gauges was seriously hindered by
the measurements on the standards from which the draw-
ings were being made oeing inaccurate, so that gauges
correctly made to the drawings might not fit the standards.
When the National Poysical Laboratory took over the
testing this state of affairs was quickly exposed. Th';

work of teaching the manufacturers was also carried out
by the N.P.L., and it is largely due to this that the large-

output (to,000 per week before the armistice) was secured.
He was heartily in favour of Dr. Shaw's suggestion of

setting up a metrology department in the universities.

Mr. J. E. Sear.s (Supt. Metrology D^pt., National
Physical Laboratory) said the intimate association with
manufacturers of gauges and also of the products for

which the gauges were intended, had given them an
opportunity during the war of attaining quite exceptional
progress in the subject. He thought Innit g.»uge work
was going to be an miportant factor in all future engineer
ing ; and, if intetchangeability between the work of

different firms had to be maintained, it is evident that all

the controls of such gauges must be referred to a central

authority governing the fundamental standards of length.

It was essential that the Laboratory should also have a

fair amount of test work in order to maintain the close

contact with the manufacturers that had proved so useful

in the past. There would still, of course, be plenty oi

work for local centres, which he agreed were desirable
;

but he did not think the universities were the most suitable

places for such work to be carried out.

Mr. W. H. Bolton (University of Sheffield) emphasised
that education was necessary among manufacturers before
they would realise that standardisation was essential to

efficiency in their business. In Shefiield one firm made
1700 different patterns of pocket knife. He thought a

scheme of decentralisation was vital to the nation, and he
disagreed with Mr. Sears as regards the relation of the

universities to test work. He regarded test work as

essential if these institutions were to keep in touch with
industrial requirements.

Mr. B. V. DuDuiNci (of the JMStional Physical Labora-
tory) said that in nearly cijery case when one comes to

apply measuring to a specific problem one has to conduct
some researches as to how !he measurements should be
made, what instrument to use, and how to use the instru-

ment. The research worker needs to have a good work-
shop behind him.

Sir Richard Glazeeroox, in replying to the discussion,

expressed his satisfaction at the interest in the subject

which was evidently springing up all over the country.

The Preside.nt, in closing the meeting, said that

several points of importance were brought out prominently
throughout the discussion. These were first, that undei
the stress of the war many manufacturers have learned to

use limit gauges with very great improvement to their

work. Second, that there is a tendency to slip back into

old methods, which must be vigorously resisted. Third,
that sub-stations where accurate testing could be carried

out locally, in close association with the National Physical
Laboratory, were essential to the future development of

metrology.

An exhibit of Optical Scales and Graticules, by Mr. J.
Rbeinberg, was on view at the close of the meetinj;.

Black Varnish for Wood can be made by dissolving

bitumen in carbon bisulphide. If the odour is objected to,

carbon tetrachloride can be used instead of bisulphide.

.N'OTICES OF BOOKS

Applied Optics: The Computation of Ot>tical Systems.
Being the " Handbuch der Angewandten Optik" of
Dr. Adoli'h Steinheil f.nd Dr. ERNEsr Voir. Trans-
lated and Edited by James Weir I-'rench, B.Sc.
Glasgow and Bombay : Blackie and Son, Ltd. Two
Volumes. Price 12s. 6d. net each.

The present work, an edited translation from the Standard
German woik of Steinheil and Voit, is issued with the
approval of the Standing Committee on Glass and Optical
Instruments appointed by the Advisory Council of the
Department of Scientific and Industrial Research, in order
to provide the British Optical Industry with a handbook
presenting a complete T.igonometrlcal System of Optical
Compulation in a form suitable for practical use.

Mr. James Weir French, B.Sc, of Messrs. Barr and
Stroud, Ltd., who is himself a member of the above Com-
mittee, is responsible for this edition in English. Through
his wide experience in op'.ical productions he has been
able to supply a work that is eminently suited to the
practical conditions of the present day. It is thus not
a mere translation ; it owes much to Mr. French's own
specialist knowledge of a highly technical subject.

A distinguishing and essential feature of the original

work is the very complete system of symbols and sign
convention employed. The portion of the original
appendix which deals with this has been included in both
volumes. To illustrate the meaning of the symbols there
has been added a series of ten diagrams over and above
those that appear in the original. These diagrams in-

clude examples descriptive of the sign convention.
The diagrams form an important element in the work.

To render them abundantly clear they are printed in

colours, whereby their convenience for ready reference is

greatly increased.

NOTES.

KECEsrLv we had had occasion to turn up No. 1 of the
Chemical News, published on Saturday, December ro,

1859. It was edited by William Crookes, and the general
appearance is much the same as to day's issue. The
matter is interesting. The first paper is by C. Gren\ ille

Williams on " Vapour Volume," and we read about oxygen
with an atomic weight of 8, and are warned that it is

safer to adhere to the old notation until further researches
have shown its fallacy. The table of contents contains
papers on the "Separation of Nickel and Cobalt from
Peroxide of Iron " and on " Platinum and its Associated
Metals," by MM. Deville and H. Debray. The metal had
been introduced into the laboratory but a few years back,
and speculations are raised as to its possible uses. The
paper is chiefly occupied with the metallurgy of platinum
and can be studied with profit to day. A paper by
John SpiUer, F C S., deals with the production of a
carbon ink, in which concentrated sulphuric acid, indigo,

sugar, and gum are used ; the author mentions the need
for using a gold or a quill pen, and also the fact that the
paper must needs be thick as the written characters
peiutiiite somtwhil' In the " Pioceedings of Societies"
a meeting of the Chemical Society is reported, with B. C.
Brodie, F.R.S.. in the chair, and we read discussions in

which Dr. Hofmann, C. L. Blcxam, Dr. Miller, and Dr.
Odiing take part. The advertisement pages, too, are

interesting ; many familiar names appear. James R.

Gregory offers collections of minerals ; Churchill, Van
Voorst, Mitchell, and others offer books. "Elements of

Chemistry," by William Allen Miller, is announced as just

published. The principal difference between the first

issue and that of to-day is the presence in the former of
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matter and advertisemsnts dealing with pharmaceutical

chemistty and medicines. On reading through the issue

it is impossible not to notice the tremendous advance

in the chemistry ol to-day over that of sixty years ago.

an advance that we can confidently assume will continue
;

so that the subscriber 10 the Chemical News sixty years

hence may find as much interest in reading to-day's

issue as we do in reading Prof. Bloxam's demon
stration at the Chemical Society of the decomposition of

ammonia by means of the discharge from a Riihnikorff

coil.

The Second " Report on Colloid Chemistry " has just

been published ; the first report was issued in 1917 by the

British Association for the Advancement of Science, but

on account of financial difficulties consequent on the War
they were unable to meet the greatly enhanced cost of

publication for the Second Report. Under these

circumstances, and in view of the importance of the

subject, the Department of Scientific and Industrial

Research has arranged that this Second Report should be

published by H.M. Stationery Office, and it is now on

sale at is 6d. net. The work occupif;s some 170 pages

and is very complete : historical matter, practical appli-

cations, and theory are exhaustively treated, and the

publication will be found of very great value in almost all

industries.

Automatic and Electric Furnaces, Ltd., of 281-

283, Giay's Inn Road, W.C. i, have designed and placed

on the market a seiies of electric mufflle furnaces that are

likely to become of use in chemical and technical labora-

tories. They appear to be of simple and robust construc-

tion ; they are capable of giving temperatures up to

1000° C. and are wound for any voltage between 100 and

250 volts for continuous or alternating current circuits.

In a paper on " Some Observations on the Use of Boric

Acid as a Disinfectant," Fred W. Tanner and Ruth S.

Funk (Bacteriological Laboratory, University of Illinois,

Uibana, III.) give an account of some carefully con-

ducted experiments showing the effect of this agent on a

number of bacteria. A saturated solution of boric acid

in distilled water was used and tubes of dextrose agar were

inoculated and incubated. The result showed that very

little il any germicidal action followed the use of even

large amounts of boric acid. Further experiments were

made using the silk thread method of inoculation, which

also gave a very poor resuli, and the general conclusion

of the authors is that the use cif this reagent should be

discontinued in those cases where disinfection is absolutely

essential.

Beri Beri, a disease prevalent in Eastern Asia, has

been found to be very common where polished rice was
the main article of diet. On treating patients suffering

from the disease with extracts from the husks and

polishings removed from the rice; marked improvements

were noted. It appears that the " vitamines " contained

in the husks of rice and other grains are very necessary,

and their removal may lead to unaappy results.

Sir Joseph J. Thomson, O.M., President of the Royal

Society and Master of Trinity College, Cambridge, has

been appointed by an Order of Council dated May 8, igig,

to be a member of the Advisory Council to the Com-
mittee of the Privy Council foe Scientific and Industrial

Research,

The Institute of Chemistry is operating with the

Appointments Department of th; Ministry of Labour in

view of the resettlement in civil life of chemists who
have served with the forces. The Council is said to have

stated that " Salaries of £300 a year and upwards (with

prospects) woul4. command a good selection of candidates."

This statement has given rise to some comment on

account of the smallness of the minimum suggested, but

unfortunately we are in possess on of information that

shows that salaries of considerably less than this have

been offered and accepted by chemists who, upon de-
mobilisation, have found great difficulty in obtaining
appointments.

Piezoelectricity, the production of electricity by
pressure upon crystals, although observed many years ago,
has only been applied to practical uses of late years. The
matter was studied exhaustively by M. Curie, who devised
and used an instrument based upon the principle in the
early work upon radio-activity that led eventually to the
discovery of radium. To M. Curie is due the discovery
that the quantity of electricity developed in a crystal by
pressure is exactly proportional to the pressure. Sir J. J.
Thomson has recently drawn attention to the phenomena
in a lecture delivered at tlie Royal Institution, and sug-
gested the possibility of using ii lor the measurement of

suddenly developed pressures such as are met with in

artillery and explosion of gun-cotton, &c. Explosions
have been recorded lasting only i/ioo,oooth sec. The
method is likely to find many applications in the near
(Uture.

Grants for Scientific Research in South Africa
^Tdc Research Grant Board v.hicli has been established

by the Union Government in SoutL Africa for the

encouragement of scientific research, has recently an-

nounced its scheme for awarding research scholarships
and making grants towards the expenses of scientific re-

search. The scholarships will vary in value from £80 to

£250 per annum for one or two years, and may be
awarded for a further period. Applications must be made
through, and with the approval of, one of the governing
bodies of the higher educational institutions of the Union
or of a Museum or Research Institute. H.M. Senior
Trade Commissioner in South Africa has forwarded the

Regulations of the Board, and these may be consulted at

ihe Enquiry Room of the Department of Overseas Trade.—
Board 0/ Trade yonrnal.

NOTES FROM FOREIGN SOURCES.

Graphitic Carbon and Graphitic Acid. - V
Kiblschiitter and P. Haenni.-By graphitic acid the
authors mean the solid oxidation products which are
obtained by subjecting pure graphite, prepared electrically,

to the action 0! a mixture of nitric acid, sulphuric acid,
ind chlorate, ft is essential that the oxidising mixture
should be taken up by the whole mass of graphite, and that

the chemical action should take place simultaneously from
the interior. This is brought about by the nitric acid

;

oxidising agents which do not penetrate into the sub-
stance lead only to the simplest oxidation products. When
the oxidising action is repeated the proportion of carbon
in the product is gradually decreased, and the flakes of
g.aphitic acid dissolve to form reversible colloid products.
When dry graphitic acid is heated to 200° carbon separates,
water, CO, and CO2 being simultaneously formed. The
carbon thus obtained possesses all the properties of soot,

but it can comparatively easily be compressed to give a
dense mass of a graphitic nature. Sulphuric acid also

decomposes graphitic acid at 160— 180°, giving CO and
COj in proportions which depend upon the way it is

hea'ed. Reducing liquids produce carbonaceous products
resembling the original giaphite, mixed with by-products
of the reaction. The experimental results seem to show
that there is no essential difference between amorphous
carbon and graphite, and the peculiar properties of the
latter are due to a peculiar state of division and dispersion.—Zeitschrift fur Anorganische uud Allgemeins Chemie,
igig, cv., 121.

Cyclisation by Elimination of a Nitro Group.— S.

Reich and V. Nicolaeva.—The authors have prepared the

oxime of 2.4-dinitcoacetophenone by the action of amyl
nitrite upon 2.4dinitroetbylbenzene in presence of sodium
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alcoholate. VVbcn the oxime is heated for a quarter of

an hour with 15 per cent hydiochloric acid and water 1?

added, the phenylhydrazone of 2 (dinitroacetophenone is

obtained, and this yields methylnitro indoxizene on the

addition of aqueous soda to its alcoholic solution in the

cold. The cyclisation takes place with elimination of

nitrous acid. Secondary products are also obtained by the

reaction, but the authors have not yet studied thein. The
tn'j^t abundant product is nicthyl-mtt i-indDxiz;ne, which
can be putihed by crystall sation in alcohol ; it forms
yellowish crystals which melt at 11 )". -Bull. Soc. Cliim.

tie Francf, igtg, xxv.-xxvi,, 190.

Action of Alcoholic Potash on Resins — Paul
NicoUrdot and Caarlvis Cofliquief.—The authors have
studied the action of alcoholic potash on difl':rent resins,

heating i gtm. of the resin far an hour with 25 cc. of N/2
alcoholic potash, using a reflex condenser. 50 cc. cf wattr
were then added and the insoluble residue was filtered ofi

and weighed. Of the twenty-seven dilTirent types of leiins

examined, all but one Itft an insoluble substance, and the

addition of water enabled thoni to be cUssifi-d in thr;c

groups;— (i.) Those with which the amount of insoluble

product was unaffected by the addition of water ;
(ii.)

those with which ths addition of water led to the total or

partial disappearance of tha insoluble part
;

(iii.) those

which showed an increase of the insoluble pirt when wattr

was added It appears that the action of alcoholic potash
gives rise to resinous soaps, some of which are more
soluble in alcoholic potash than in water, while others, on
the contrary, are more soluble in water than in alcoholic

potash. It is possible that thi?i new characteristic may bs

employed in the identification of difl:rent resins. —S»/i.

Soc. Chim. de France, igig, xxv.-xxvi., 200.

Mobility of Hydrogen Atoms in Organic Molecules.
Action of Phenyl Hydrazine on Dioxindols,—J.

Martinet.—Among the factor's which may mlljence the

mobility of hydrogen atoms two are specially important

—

the neighbourhood of electro-negative elements and a

particular position with regard to double bands. If two
atoms a and >i are united by a single bond an atom of

hydrogen attached to n is mobile if >{ has a double bond.

In dioxindo! one atom o( hydrogen is thus placed, while

another is united to an atom of oxygen. Hence, although

the carbonyl group of the dioxindols has a lactamic and not

ketonic character, the structure of these substances recalls

that of the a ketonic alcohols, which with phenyl hydrazint

give diphenyl hydtazones or osazonee. If the readiness

of the secondary alcoholic function to undergo oxidation

is due to its position with regard to the double bond of the

ketonic group, a similar action on dioxindol might be fore

seen, one molecule of phenyl hydrazine acting as oxidising

agent, while a second entered into combination. Experi-

ment has confirmed this hypothesis, which the authors have

verified in the case of dioxindol and five of its homologues
chosen from different groups. The riaction must be

carried out in an atmosphere of hydrogen, and various

media, such as water, alcohol, acetic acid, or mixtures of

these three, were tried. In all cases the reactions were

practically instantaneous at the boiling-point of the solvent

and the yields were good.

—

Comptes Rcmius, igig, clxviii.,

esg.

Reaction of Aconitine.—L. P. J. Palet.—Dragen-

dorff has stated that a characteristic reaction of aconitine

is the formation of a reddish coloration when it is heated

with phosphoric acid. Other observers have failed to

obtain this coloration or have noticed it only with im

pure specimens, such as the aconitine obtained from the

organs of animals poisoned by this alkaloid, which might

be explained by supposing that it was due to the presence

of a decomposition product. The auihor has obtained

positive results with two samples of amorphous aconitine,

using concentrated phosphoric acid and heating directly

over a small flame until fumes were given off. A violet

coloration was thus produced, while with crystallised

specimens only a greyiah colour was obtained, as Barthe

has previously slated. If the reagent employed is a mix-
ture of phosphoric acid and sodium molybdate, in the pro-
portions of 25 to I by weight, a very intense violet coloration
IS obtained even with crystallised specimens which were
unaffected by phosphoric acid alone. Many other pro-
ducts, such as apoinorphine, attO|.ine, brucine, cocaine,
&c., were tested similarly, and althougti they gave various
colorations the only ones which could be confused with
those obtained with aconitine were aspidospermine and
veratrine. These, however, can readily be distinguished
from aconitine by trying the effect of oxidising agents on
the first and on mineral acids upon the second.—yoiir/ia^
iff Pluirmacie el de Chimie, igig, x'x., 2g5.

Action of Phenyl Magnesium Bromide upon the
Polyhalogen Derivatives of Ethane. Fred S.varis.
—Tnc autnoi endeavoured to obtain fluorstyrolene by the
action of phenyl magnesium bromide upon difluordibrom-
ethane, expecting to get difluorbrom methyl benzene which,
wiih alcoholic potash, would yield difluoistyrolene. But
the products actually obtained were difluorethylene and
brcmbenzene. Thus the magnesium compound acted as
a reducing agent, removing two atoini of bromine.
Various polyhalogen derivatives of ethane were then sub-
mitted to the action of phenyl magnesium bromide, and it

was found that the principal reaction with bromine deriva-
tives was the subtraction of two atoms of halogen, with
the production o( brombcnzene and an ethylenic derivative.
When an atom of carbon was united with fluorine and
brom.ne the latter was removed. With chlorine deiiva-
tives a molecule of hydracid was removed, and this reacted
with the magnesiu.n compound to give benzene. In many
cases magnesium fluoride v/as obtained, bat was present
in a colloidal stale. Various secondary reactions also took
place, diphenyl being frequently formed, especially in the
case of reactions which take place slowly.

MtiETIN(iS FOK THE WEEK..

Mo^iday, June 2.

Royal Institution, 5. (General Meeting).
Royal Geographical, 5.30. (.'Anniversary Meeting).

Tuisdiy, juiie 3.

Royal Institution, 3. "Listening under W.iter," by Prof.
W. H. Biagg.

Inslitulion of Electrical Engineers, 6. "Continuous
Wave Plant at the Carnarvon Station," by Ssnatote
G. Marconi.

Rontgen Society, 8.15. (.\nnual Meeting).

Wednesday, fuue 4.

Society of Public Analysts, 8. " Examination of Com-
mercial Samples of Nicotine," by Percival J. Fryer.
" Mexican Insects in Poultry Food iNotonecta,
Corixa, and Mexican Cantharides)," by T. E. Wallis.
"A Rapid Method for Determining Nickel and Cobalt
in Ores and Alloys.—Part. III.." by W. R. Schoellet
and A. R. Pov/ell. " Notes on the Oil of Ceratotheca
sesamoides," by E. Richards Bolton. " An Improved
Method for the Estimation of Nitrates in Water by
means of the Phenolsulphonio Acid Reaction," by
Robert C. Frederick. " Estimation of Morphine in

Indian Opium," by Jitendra Nath Rakshil and Frank

J. D'Costa.
Thursday, jfune 5.

Royal Institution, 3. "The Bilkans," by Sir Valentine
Chirol.

Royal Society of Arts. 5. 30. "Aviation as Affecting
India," by Btigadier-Qeneral Lord Montagu of
Beaulieu.

Friday, jfune 6.

Royal Instituiion, 5.30. ".Atomic Projectiles and their
Collisions with Light Atoms," by Prof. Sir Ernest
Rutherford.

Saturday , yune 7.

Royal Institution, 3. " The Italian Front," by J. M.
Price.
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THEORY OF ALLOTROPY :

ALLOl'ROPES AND ALLOTROPOIDS
By MAURICE COPISAROW.

The terra allotropy was first introduced by Berzelius
{jfahresb., 1841, xx., 11, 13) as denoting the appearance
in several states, distinguished from each other by different

properties, a definition lacking in precision, owing to the
numerous possible interpretations of the "different pro-
perties." This vagueness is put forward as a guiding
principle by Lothar Meyer (Watts' " Dictionary of
Chemistry," 1888, i., 128), who considers that the notion
of allotropy is not to be defined with perfect exactness.

Allotropy is taken as a term covering the different

physical states of matter, and also isomerism, polymerism,
and polymorphism (Lehmann, "Zeit. Krystal. Min.,"

1877, i., 97 ; Lav/ty, Trans. Faraday Soc, igi5, ii., 150),
and in this sense might appear, perhaps, to be an unneces-
sary term without exact meaning in chemical nomenclature.

This inclusion of different phenomena, along with
Ostwald's and Nernst's definition of allotropy on the basis
of energy changes, and Benedick's, Honda's, and Le
Chatelier's conception based upon the discontinuity of
lorms, phases, and properties, is due to the consideration
of effects 0/^ instead of causes underlying phenomena.

Whilst the close study of various properties of matter
consequent to a certain phenomenon may help us in com-
prehending the phenomenon itself and iis relation to other
natural manifestations, it is wrung to define a phenomenon
by its effects, especially when these effects are anything
but specific or characteristic.

A far truer and more productive definition would bt
based upon the study of the causes of a phenomenon, the

unmasking of which should naturally throw much lighi

upon the phenomenon itself and its probable effects.

The possible causes of allotropy may be either— (ij a
variation in the intra-niolecular structure of elements ; or

(?) a change in the inter-molecular association or aggrega-
tion of elements.

Considering that

—

I. Molecular aggregation subject to the laws of crystal-

lography accounts for polymorphism (Wyroubow, Bull
Soc. Min., 1906, xxvi., 335), and that
n. Allotropic modificanons present m most cases con

eiderable chemical and physical differences— it would
appear that allotropy is due tn inlramnlecuUr differences
(Koppel, Naluno. Rund., 1904, xix., 249, 261 ; Guthrie,
yourn. Roy. Soc. N.S. Wales, ^911, xlv., 318; Oxley,
Tra'is. Faraday Soc, 1916, xi., 129).

We can not only regard allotropy as a function oi

valency, but also define it as the capacity of an element to

exist in forms, differing in the mode of their intramolecular
linkage.

This conception is in full accord with the (i) hypothesis
of dynamic allotropy (S.-nit.-;, Proc. K. .Akad. Weieits.
Amsterdam, 1910 and onward), as on thio bas's only a
simple space lattice, revealed by the reflection of X-rays
from the internal planes of crystals, can be deduced, and
(2) the view of different ions existing in solution in pre-

sence of two allotropes of an element (Holt, yourn. Soc.
Chem. Ind., 1915, 693).
In this sense allotropy, although a function of valency,

does not imply isomerism or polvmerism, as all allotropes
need not necessarily contain the same or a multiple
number of atoms in their respective molecolf's
The concep-i in of allotropy as a function ol valency ca

be clearly understood on the basis of the electronic theory
of the latter.

According to this theory the valency bonds are con-
sidered as having a definite direction. The relative
direction of these bonds in the molecule may be influenced
by the coiditions under which such a molecule is formed.
Variation in the direction would give rise to molecular
structures differing in the distribution of the electric charges
among the constituent at^ms. These would be allotropes,
and that configuration in which the charges were most
symmetrically arranged or neutralised would be the
stable form under these conditions (Holt, loc. cit.)

(This conception is closely related, if not identical, with
the atomistic hypothesis according 10 which allotropy is

due to chsngcs in the electric and magnetic charges ol an
atom (Dumas, Ann. Chim. Phys., 1831, [2] , xlvii., 324 ;

Howe, Re/>. Brit. Assoc, Sheffield, 1910 p. 562), as intra-

mcjlecular structures are primarily due to the properties
and functions of the atoms).

Recognising allotropy as a function of valency and
kno,ving the valency of an element (maximum in case of
rlcmsnis of variable valency), we should be able to in-

dij.ite not only the p:)ssible constitutional formulae of
allotropes, but also the maximum possible number of
allotropes for each individual element. (Without neces-
sinly defi -.ing the number of atoms in the molecule,
ili.hough the constitutional formulae may in turn throw
occasionally much light upon the complexity of the
alloiropes).

Attempiing to represent elements by structural formulae
on the basis of their vale cies, we find that monovalent
filements can exist in one and only one malecular form
(disregarding tbe ionic or nascent state), divalent elements
may have tv/o distinct allotropic f jrms. (Should elements
exist in monoatomic molecules the number ol modifications
will be augmented by onej ;

—
(a) A molecular structure in which both valencies of the

atoms are fiiced, and
(6) \ molecular structure in which some valencies

are free.

In the case of trivalent elements two allotropes are
possible, being—

•

{11} .A saturated molecular configuration, in which all

valencies are fixed, and
(i) An unsaturated nulecular configuration, in which

some valencies are free.

In case of teira-, penta-, and other polyvalent elements
three allotropic forms are possible, being

—

(a) A rigid molecular form, in which all valencies ate
fixed

;

{b) A rigid molecular form, in which some valencies are

free ; and
(c) A non-rigid molecular form, in which some valencies

are free.

(On the basis of symmetry it is unlikely that a semi-
rigid configuration, in which some atoms are rigidly fixed,

whilst othe-'s retain the power of free rotation, should
occur).

By molecular rigidity the author implies rigidity of

atoms constituting the molecule, a rigidity caused by
the fixation of the valencies. It appears that whilst an
atom linked to two other atoms has the power of free

rotation (the valencies being regarded as an axis), an atom
linked to three or more atoms has no such power of rota-

tion and can be regarded as rigidly fixed.

This gives the maximum number of distinct allotropes

of an element under the most favourable conditions of

temperature and pressure, forms possibly but not neces-

sarily occurring in all physical states.

The examination of the chemical and physical pro-

perties of any element should enable us to determine the

intramolecular structure of each allotrope.

In trying to develop this hypothesis we must avoid a

fallacy so g>'neral to m?.ny theoiie!-
;

i •
, being one sided
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n regarding various phenomena either as identical or

totally diBconnected with one another.

Continuity, harmonious continuity, is the most striking

feature of natural phenomena when viewed as a whole.

The examination e( separate most advanced members of

any group, series, or species shows discontinuity, but con-

tinuity becomes manifest as soon as an effort is made to

survey any phenomenon in all its gradations.

This certainly applies to such manifestations as physical

states of matter, polymorphism and allotropy. The
physical states of matter in (heir crystalline form, solid and

liquid crystals, connect physical states with polymorphism.

Polymorphism is, on the other hand, closely connected m
many instances with allotropy.

A scrutiny of the possible molecular forms of ebments
shows that theoretically it is possible for an element to

have in certain cases more than one molecular form corre

spending to each mode of li.ikage indicated above ; that

is, there may occur more than one form of an element with

a non-iigid cr rigid configuralion. But regarding allolropts

as the most chemically and physically distinct farn^^s cf an

element it is obvious that several molecular fo nis ccn-

taininir a different number of atoms, but all having the

power of free rotation, will differ among themselves to a

less extent than when comp ired with a molecular structure

of the same element, in which all atoms are rigidly fixed.

Thus it follows that valency and the salural-.on or fixa-

tion of the atoms, and not the actual number of atoms,

play the predominant part in the determination of

allotropes. In this light allotropy becomes the capacity

of an element to exist in forms differing in the mode of

their intramolecular linkage.

Molecular forms differing in the number of atoms or

distribution of linkages, but all belonging to one and the

same type of mode of linkage indicated above, can be

termed allolropoids. These molecular firms serving

as teh transition or link between polymorphism and

allotropy proper can be compared with the cryptoisomeric

substances (Pfeiffer, Ber., igi6, xlix., 2426 ; igi8, li., 554).

Each modification of an element, which \s&n alloiropoid

in relation to forms belonging to the same mode of linkage

is an allotrope, when viewed in connection with modifica-

tions belonging to a different type of linkage.

AUotropoids will differ among themselves less in

physical and still less in chemical properties than allotropes

of the same element.

The pioblein of discriminating between allotropy and

polym irphisni, or intra- and inter-molecular structures,

comparatively easily solvable in the case of a few

advanced characteristic instances, becomes therefore com-
plicated and the available methods uncertain, not only

owing to the inert character of some elements, which

compels us to draw conclusions from their physical pro-

perties only, but also owing to the fact that in some cases

we may deal with substances which are simultaneously

either— (i) allotropes and polymorphic forms, or (2)

allotropoids and polymorphic forms.

Thus the physical data may indicate the combined effect

of intra- and inter - molecular rearrangements in the

element, and as the components, the combination of which

gives us the total effect, need not necessarily be magni-

tudes in the same direction, the physical data lose much
even of their comparative value.

The knowledge of the maximum possible number of

allotropes, serving as a guiding limitation, augmented by

the chemical and physical properties of the modifications

should be sufficient in most cases in identifying the

allotropes of an element. In cases where owing to the

inertness of an element we have to depend upon the

physical factor only, as many physical properties as pos-

sible are to be taken into consideration, as no single

feature or property is sufficiently characteristic as to serve

as a decisive indication of allotropy.

The functional connection of physical constants with the

periodic system of atomic weights and volume of elements

make it very necessary, if any generalisations are to be

made, to have the experimental conditions for the deter-

mination of physical constants specific for every element
with special relation to the absolute melting and transition

points of every modification of an element.

Differences in crystalline symmetry are indefinite as a
criterion or definition of allotropy owing to the possibility

of substances belonging either to different crystalline

systems or different classes of the same system. The
observation that the higher the crystalline symmetry of an
element the smaller is the number of atoms constituting

its mol.ecule (Kelgers, Zeit. Phys. Chen:., 1894, xiv., i),

and consequently the smaUer is its tendency to allotropy

(Barlow and Pope, Journ. Chem. Soc, 1906, Ixxxix.,

1741) is of an empirical character, and can hardly serve as

a guiding principle in distinguishing between allotropic

from polymorphic forms, this being specially so as crystal-

line structures may depend at least as much upon mole-
cular aggregation as on the intra-molecular configuration

of the atoms.

The sudden changes in and the discontinuity of pro-

perties can be accepted as an indication of allotropy, but
with reserve, not only owing to the difficulty of establishing

such discontinuity (Honda, jfourn. Iron and Steel lint.,

1915, ; f'cience Rep., Tokio, 1915, [IV.], No. 3, 261), 1/Ut

also owing to the fact that such changes accompany both
allotropy and polymorphism, and if there is any difference

it is in the degree not the kind of change.

The thermal changes so characteristic ot the most pro-

nounced allotropic transformations of the non metallic

elements, though often very useful as an indication, are

not completely to be rtbed upon, as all thermal measure-
ments for metals give decidedly lower values than (ot non-
metals, and considerable changes of volume, hardness,
porosity, electromotive forces, electiical resistance, specific

heat, and thermoelectric power are not necessarily accom-
panied by great heat changes.

Considerable heat changes may be taken as a positive

indication of allotropic rearrangement, but small heat
changes are hardly safe as a negative proof, the more so

as the beat evolution actually recorded may be the sum of

two or more values or reactions, some exothermic and
others endothermic.
As mentioned above, the allotropes of metals are mora

ditlRcult to isolate and distinguish than those of the non-
metals owing to their inert character. But even in cases
where no separate allotropic modifications were isolated,

(i) the dependence of such physical properties as density,

specific heat, expansion, electrical conductivity, and the

melting, solidification, and transition points upon the

thermal history of the specimen, and (2) the variation of

the chemical behaviour with the past history of the metal
— are best explained on the basis of the allotropy
hypothesis.

The occlusion of hydrogen by palladium and palladium
black, the etching of iron by nitric acid, and the solubility

of carbon in a and y iron can be quoted as such extreme
cases.

The constitutional formula: of allotropes developed on
the basis of valency and the chemical and physical pro-

perties of each modification, although not actually solving

the interesting problem of molecular complexity, offer us
substantial aid in this respect, in so far as they often

indicate the minimum molecular complexity satisfying

the requirements of the formula.

His Majesty the King, on the recommendation of the
President of the Board of Trade, has been pleased to

award the Silver Medal for Gallantry in Saving Life at

Sea to each member of the crew of the Danish s.s. Mary,
which rescued Mr. Harry George Hawker and Commander
Kenneth F. Mackenzie-Grieve, R.N., in the North Atlantic
on May 19. The Board of Trade, with approval of His
Majesty, have also awarded pieces of plate to the master
of the ship and to the person in charge of the rescuing
boat, and sums of money to the rest of the boat's crew.
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A PRECISION PRESSURE GAUGE.'

By EDWARD J. BRADY.

This note is a brief description of a precisian pressure

gauge of high sensibility and great accuracy recently con-

structed at this Laboratory.
In principle it is virtually a large diameter U-tube

(6 cm. diam.) filled with some transparent non-volatile,

non-oxidising liquid such as kerosene or paraffin oil. In

each leg is placed a hollow brass float. The two floats

are connected together with a fine silk thread which passes

downwards around a light graduated wheel with jewel

bearings immersed in oil at the bottom. The position of

the wheel, which is provided with a vernier, is read

through a glass window in one end of the box that forms

the bottom of the gauge.
Laboratory workers having to do with the accurate

measurement of small gas pressure, either plus or minus,

are greatly in need of an instrument similar to the one to

be described.

The way in which the differential pressure enters in the

formuI;e for both the Venturi meter and the Pitot tube

may be represented by P = (/) Q^, where P is the pressure

that must be read and Q is the quantity of material passed.

It will be seen that both of the methods become in-

creasingly inaccurate at low velocity, because of the

difficulty of measuring small pressures accurately. This

gauge ought to increase the usefulness of both the Venturi

and the Pitot tube.

A modification of the gauge with an opening to receive

the horizontal velocity pressure of the wind might be used

as an anemometer.
The two glass cylinders are cemented into the remov-

able cover ol a brass box, one end of which has a glass

window. To the lower side of the cover is fastened the

little yoke supporting the two jewel bearings in which the

index wheel or drum revolves. To one arm of this yoke

is fastened a projecting piece carrying a vernier flush with

graduate surface ol the wheel. There is a small groove

on the face of the wheel around which passes the silk

thread that holds the two hollow floats almost totally im-

mersed in the fluid. Any pressure P on this liquid in one

tube produces a linear motion at the circumference of the

wheel of t.

2

The diametef of the wheel was so chosen that a pres-

sure of one inch of distilled water exerted on a paraffin

oil, such as kerosene, produces a motion of the periphery

of the wheel ot 10 divisions. By the aid of the vernier

this precision can be increased.

These cylinders are made of glass, so that the gauge can

be read approximately and from a distance like an ordinary

U gauge with the inch mark on the scale between the two
cylinders.

Its use as a zero reading instrument capable of indi-

cating pressure differences of less than 10-3 inches of

water, will now be described.

Upon the little shaft that carries the graduated wheel
there is fastened a small mirror, arranged to lace toward
the glass window in the lower position. About 4 feet

in front of the gauge there is mounted a telescope and
scale. This can only be used for comparatively small

variations in pressure, say less than 2/10", However, the

telescope and scale may be used to measure small

differences at pressures of, say, 2" -3" and 4", by
moving the mirror around on the shalt, so that it has the

proper aspect when the gauge is subjected to the above
pressures.

This is facilitated by a sma.i bent movable wire, pro-

jecting through a stuffing box in the side. It is pushed in

sufficiently to interfere with the rotation of the mirror

until the float assumes the position corresponding with

• Note from the Physical Laboratory of the United Gas Improve-
ment Compaoy, tJ.S.A.

the pressiue whose small variation is to be measured. It

is then withdrawn, when the telescope and scale can be

used as before.

The glass wiodow may be made a section of a cylinder,

so that all rays from the scale would pass normally

through the glass, eliminating refraction effects, but this

was not found necessary in practice.

The instrument as constructed has twin hollow brass

floats and a brass wheel below. The bearings are jewelled,

with very little friction. The friction may easily be made
as near zero as is possible by making the wheel of

aluminium and so proportioning it that the weight of the

wheel ill the oil used is just equal to the buoyancy of the

two floats.

Even with the brass wheel having some weight on the

bearings, the system has a very definite zero. The motion
of the mirror for small displacements is almost critically

damped.
The instrument may be dismantled by inserting two

small wire hooks through the hose connections at the top

to support the floats while the oil flows out at the bottom.

A gauge constructed as above described has been in use

at this laboratory and has given entire satisfaction. When
not in use a small piece of rubber tubing i connected from
one inlet to the other to keep the dust out. With an
ordinary U-gauge an accumulation of dirt invariably

appears at the point where the menisci are read ; with

this gauge, however, the graduations on both the wheel
and the verniar are immersed in the oil and always appear

bright and clean.

—

yournal of the Franklin Institute,

clxxxvii.. No. 4.

THE ELECTROLYSIS OF SOLUTIONS OF THE
RARE EARTHS.'

ByL. M. DENNIS and B. J. LEMON.

Historical.

But little attention appears to have been paid to the

possibility of separating the rare earths by electrolysis of

aqueous solutions of their salts. Edgar F. Smith {Ber.,

1880, xiii., 731) stated that "didymium is not precipitated,

either as nitrate or acetate, although a partial precipitation

takes place at the positive pole." Brauner {Monatsh.,

1882, iii., i) electrolysed a solution of didymium acetate

using platinum electrodes. There formed on the negative

pole a pale red crystalline crust which contained didymium
and acetic acid. Solutions of the nitrate and of the sul-

phate of didymium gave similar products. Brauner's

object in these experiments was to ascertain whether a

superoxide would appear on the positive pole. No such

formation was noted, and he did not pursue the subject

further. In a brief article entitled " Electrolysis of Solu-

tions of the Rare Earths" {Zeit. Anorg. Chem., 1893, iii..

So) KtiJss makes the following statement :—" A solution of

a chloride of a rare earth behaves upon electrolysis like a

solution of an hydroxide in dilute hydrochloric acid

;

chlorine and hydrogen are set free at the electrodes, the

solution loses more and more hydrochloric acid, and as

the anount of the solvent diminishes, the hydroxide of

the earth is precipitated in increasing amount. In this

manner the rare earths can be removed from chloride solu-

tions of mixtures of the earths, the amount thus precipi-

tated depending upon the strength of the current and the

duration of the electrolysis. It is to be expected that

those bases which are the weakest toward hydrochloric

acid will first be precipitated as hydroxides as soon as a

part of the hydrochloric acid is decomposed by the

electrolysis. The stronger bases will remain in solution

as the more stable chlorides. In order to remove the

hydrochloric acid uniformly from all parts of the solution

* From the Journal of the American Chemical Sociily, xxxvii.

No. I.
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of the chlorides of the raie earths, cleclrodei of large

surface were employed." Kiiiss electr.ilysed the solution

(or ten minutes, and then removed the heavy, dense

deposit of hydroxide by filtiaiion. The solution was then

again electrolysed for ten mmutes, and in this manner

small fractions of less than i grm. each were obtained.

Two electrolyses of solutions of impure yttria were carried

out, and determinations of Ih: atomic weights of the

cerium salts with platinum electrodes, but inasmuch as

this does not concern the direct separation of the earth

from solution upon clecttolyfis, the researches upon this

bubjjct will njl here be reviewed.

Experiiiuiital.

MaUriaL—Ttia material that was employed in the

expstimcnls described below consisted of the earths of

Oiigiiial

solution.

Fract. 5-

Fract. 8.

Residual

solution.

Fio. I.

Original

solution.

|Fract. 4.

Fract.

F..'.:t. 6.

Residua
solution

Fig. 2.

earths in the several fractions showed that the method
g ive quite rapid separation of the different earths. Kruss
^t.ites at the close of this brief article that electrolysis of

solutions of the rate eaiths might prove suitable for ihe

"cparation of these elements. It does not appear, how
(vtr, that he followed the matter further.

Considerable work has been done upon the anodic

(,x dation of cerium through electrolysis of SDlutions of

both the didymium and yttrium groups from which ceilum

and thorium had been removed. The eaiths of the didy-

mium group were extracted Irom the ciude double sul-

phates of. potassium and the didymium group, a large

amount of this material having kindly been presented to

ihc wiitcis by Dr. H. S. Miner, of the Welsbach Light

C Mnpany. The lanihaiiuin and praseodymium nitrates

were prepared from quite pure samples of these two salti
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that we owe also to the kindness of Dr. Miner. The earths

of the yttrium group were obtained from the crude rare

earth oxalates from xenotime ; the mixture that was used

in the experiments showed strong absorption bands of

erbium, and rather faint bands of europium, samarium,
and holmium. The didymium bands were very faint.

Apparatus.—The first electrolysis was performed in a

small cr/stallising dish and stationary electrodes of sheet

platinum were used. On electrolysing a slightly acid

solution of the nitrates of the didymium group, no preci-

pitation appeared until the free nitric acid bad been

broken down by the current. As soon as this had been

effected, however, a separation of the hydroxides of the

earths appeared at the cathode, and the internal resist-

ance of the cell rapidly increased. Upon interrupting the

current and examining the contents of the cell it was
found that a portion ot the hydroxides had separated in

flocculent form resembling aluminium hydroxide, and also

that that part ot the cathode which was immersed in the

solution was heav.Iy covered with a dense granular pre-

cipitate of the hydroxides. It was this coating of the

surface of this mercury cathode was kept clean by
violently agitating it by jets of air, the air being con-
ducted into the mercury through a glass tube with three
outlets. The anode consisted of a piece of platinum wira

076 mm. in diameter. The source of current was a set

of eight storage cells, an ammeter and variable resistance
were placed in series with the cells and a voltmeter was
connected in shunt with the cell. The aqueous solution

of the rare earths that was to be subjected to electrolysis

was placed in the cell upon the surface of the mercury.

I. Separation of Lanthanum from the Other Earths of the

Didymium Group.

A neutral solution of the nitrates of the rare earths
neodymium, praseodymium, lanthanum, and samarium,
that contained 50 grms. of the oxides ol the earth in one
litre of the solution, w.as placed upon the mercury
cathode in the cell, the mercury was set in agitation by
a blast of air, the current was turned on, and the voltage
was gradually stepped up to a point where fairly rapid pre-

cipitation of the hydroxides took place. The volttge was

Original

solution.

Ftaot. 3.

Fract. 4.

Ftaot. 5.

Residual

solution.

Fig

cathode surface that interfered with the passage of the

current and caused marked fluctuations in the voltage.

It was thus evident that no definite voltage could be

maintained for any considerable length of time unless the

cathode surface could be kept free from deposit of the

hydroxides. To attain this end, a rotating cathode of

copper in the form of a wheel 15 cm. in diameter and

2-5 cm. in thickness was next employed. This was

mounted on a horizontal shaft of the same material and

was set in such a position that the wheel dipped into the

solution of the nitrates of the earth to a depth of three

centimetres. An anode of platinum was used. A copper

scraper was fastened in such position that it rested against

the edge of the cathode wheel, and it was hoped that by

means of this arrangement the deposit of hydroxides upon

the cathode might rapidly be removed, and the voltage in

this manner be kept sufficiently constant to permit of

fractional decomposition ol the different nitrates in solu-

tion. The apparatus did not give satisfactory results, and

after thorough trial it was abandoned, and a mercury

cathode was employed. The mercury was placed in a

glass cell about 12 cm. in diameter and 13 cm. high, the

layer of mercury being about three centimetres deep. The

maintained constant at this value, 9 volts, throughout tt e

series of fractional ons, and this voltage was used in the

three fractional electrolyses described below. The first

fractional electrolysis was of six hours' duration. The
current was then turned off, the hydroxides were allowed

to settle, the clear supernatant liquid was siphoned off,

and the remaining solution was separated from the pre-

cipitate by filtration through a Biichner funnel. The
filtration was then returned to the cell and was again

electrolysed. In this manner eleven fractions were
obtained. The hydroxides of each fraction were first

thoroughly washed with hot water, were then dissolved in

hydrochloric acid, and the small amount of mercury that

they were found to contain was removed by double treat-

ment with hydrogen sulphide. The rare earths in the

solution were then precipitated from a slightly acid olu-

tion with oxalic acid, were thoroughly wasehd, and were
then ignited to the oxides. The atomic weights of the

rare eaith elements were determined by igniting one
portion of the oxalate to oxide and determining the oxalic

acid in another portion by titration with potassium per-

manganate. The details of this run are shown in

Table I.
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Table I.

Number of Time in Atomic weights
fractions. hours. Colour of o.\idcs. (original material, 1406).

1. 6 Light btovvti 1409
2. 5 Light brown 141-2

3. 7 Light brown 1415
4. 6 Light btown '4i'9

5. 4 Colour fading I4i'7

6. 5 Colour lading I4i'0

7. 4 Colour fading I40'4

8. 5 Colour faint 139 6

9. 3 Colour very faint 1395
10. 4 White 1390
Residual solution While 1389

The absorption spectra of the original solution of

Fractions 5 and 8 and of the residual solution were
photographed with the aid of a Hilger wave-length

spectrometer, Model 1912, with an oxyhydrogen zirconia

lamp as the source of illumination. The dilTerent solu

tions used were of the same concentration in respect to

the weight of the rare earth oxides contained in a unit

volume. For photographs in black and white the Cran:er

trichromatic plate, which is especially sensitive to the

red, was found to give quite satisfactory results. (Fig. i).

'. L Sefaralion of Lanthanum from Praseodymium.

Nineteen and six-tenths grms. of fairly pure praseody-

mium dioxide and i8'9 grms. of lanthanum oxide were
mixed, dissolved in nitric acid, the solution twice

evaporated to dryness, redissolved in water, and diluted

to 500 cc. Upon electrolysis of this solution the results

showed in Table II. were obtained.

The atomic weights of the care earth elements in these

fractions were determined by the method mentioned
under I. Inasmuch as praseodymium was present, the

active oxygen in the ignited oxide was determined by the

Bunsen method, and this was deducted from the weight

of the oxide in order to arrive at the amount of Pra03 that

was present. That the atomic weights of the earths in

Fractions i to 4 inclusive were higher than that of

praseodymium is due to the fact that small amounts of

other earths of this group were present.

Table H.
Nuttberof Time in Atomic weights
fractioDt hours. Colour of oxides, (original material, 141-2).

1. 9 Black 1421
2. 7 Black 14I'9

3. 8 Dark brown 1420
4. 9 Brown colour fading I4f7
5. 8 Brown colour faint 1403
6. 7 Brown colour very faint 1395

Residual solution White 1388

Photographs of the original solution, of Fractions 4, 5,

and 6, and of the residual solution are produced in

Fig. t. It will be noted that lanthanum is freed from
praseodymium by a very small number of fractional

electrolyses.

III. Fractional Electrolysis 0/ the Earths front Xenotime.
Separation of Erbium from Yttrmm.

Six fractional electrolyses were made with the results

as set forth in Table III.

Table III.

Numberof Time in

fraction, hours. Colour of oxides.

1. 10 Light yellow

2. 8 Light yellow

3. 9 Light yellow

4. 7 Light yellow

5. » Faint yellow

Atomic weights
(original material, i03'tJ3l.

104.89
III'OO

10923
9973
93'50
920SResidual solution Very faint yellow

Photographs of the original solution, of Fractions 3, 4,

and 3, and of the residual solution are reproduced in

Fig. 3. It will be noted that erbium concentrated
chieHy in the first three fractions and that in the succeed-
ing fractions its amount rapidly decreased. The atomic
weight of the rare earths in the final fraction, No. 6, was
y:, which demonstrates the rapidity 01 the concentration
of yttrium by this method.
The results of the experiments here described upon the

fractional electrolysis of different mixtures of the rare
earths appear to warrant the statement that the method
yields quite rapid separations of some o( the rare earths,
and that these separations can be effected with far less

expenditure of time and labour than by the customary
methods of fractional crystallis tion or fractional pre-
cipitation.

MECHANICAL PHILOSOPHY AND SURFACE
TENSION.

By FRED G. EDWARDS.

When an ether atom of mass oSx 10-24 gtm. impingts
upon a chemical atom of much larger mass che velocity
ol the ether atom is reduced in the proportion
/M, (M-f ih). Above the critical temperature and below
the critical pressure of a gas, this would be com-
pensated in the inverse ratio by the impact of a
chemical atom upon an ether atom, so that the ether
atoms in the interspaces of the gas would have the same
average velocity as in the free ether. But, immediately
the temperature is reduced and the pressure increased, the
chemical atoms impinge upon each other to form the
infinite molecule of the liquid or solid condition and the
compensation of the ether atom is lost. This period
corresponds with the formation ol the meniscus in the
vacuum tube or the tension surface surrounding the liquid,

the reduction of ethereal atomic velocity produces a
reduction of intrinsic pressure in the propoition
yi[M/(M + »!)]=, or a fraction of the ethereal pressure
05 X 1024 dynes, of higher oider than that o( the critical

or atmospheric pressure N x lofj dynes. The magnitude
of the term ajv^ = 11,000 atmospheres obtained from
Van der Waals's equation l^f-\-ajv'^)(v-b) = RT, which is

the estimated intrinsic molecular pressure of water, need
no longer be surprising, as the intrinsic ethereal pressure
is infinitely greater. Laplace's equation P = K^H/R now
admits of two opposing physical interpretations each a
function of the mass and concentration of the molecules,
one being direct action at a distance with an assumed
radius of molecular attraction, and the other the measur-
able action of an incompressible fluid. In the latter case
the intrinsic pressure is seen to be in reciprocal ratio to the
compressibility, which is the elasticity of the material. It

has been tacitly assumed that the free ether, and likewise
the liound ether, are incompressible fluids ; that is to say,
the ethereal atomic volume is constant by reason of inter-
action through the tension surfaces.

The neutralisation of one monobasic acid molecule or
of one ion of a polybasic acid at standard temperature
yields i3,7oo/(6-i x 1023) calories with one electron. The
heat of reaction is independent of the nature of the anion
and cation, and equal to the quantity of heat required fot
the dissociation of water, which of course varies inversely
with the temperature and therefore directly with the
surface tension. The work required to force an electron
into a metal or out of a liquid is thus a function of the
surface tension, and likewise contact potential will be a
function of the two surface tensions.

The difference in thermal energy of an electron inside a
liquid and that of a free electron may be measured by the
relative energies of its positive ether atom. The energy
of the positive atom of free ether = 1058 erg. can be
calculated from two different data stated in grms. and
centimetres :

—
V = i pv = ^(5175x1017) (i'39x 10-24) . (i).

U = J»>C^ = 04 C'x 10-24 .... (2).
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Incidentally from (i) and (2) the velocity o< the ether atom

is obtained. C = 5-193 x lo'o, or 3V3Xio'o cms./secs.

This is V3 times the radiation velocity and V-^ is tan 60°,

ptoving that the path of the etheteal atom coincides v/ith

(out edges of a regular tetrahtdron, thus completing the

theory of an atomic ethe.- described in a former paper
(Chemical News, igig, xcviii., 183), and showing that

the atom does noi reciprocate in a rectilinear path which
would be the hypothetical alternative motion in a

dodecabedral formation with double plena.

In the liquid the reduction of energy :
—

AU = 13,700 X 4-188 X io'/(6-i X io23)-9405 X io--'5ergs (3).

j; = constants 1-39 x 10-24 cc.

A/'=§AU/a = (6270-3 X io-i5)/(i-39X 10-24)

= 4-5iiigx 10" dynes/cms.' .... (4).

In a dilute solution this would be the intrinsic molecular
pressure of water. Hitherto it has been deemed impossible

to directly determine this pressure, and the accepted
estimates of i-i x lo'odynes require 10 be multiplied by 41.

If the intrinsic pressures, as now suggested, are exactly

determined by the heat of neutralisation, the value ol

the unknown term dpjdT in the Clausius equation
dpjdT = -h;[X(vz~Vi)'\ can be calculated. Moreover, if

the Eotvos formula be true, namely, (t(M/p^ =K(9 -6), the

surface tension of a single molecule is obtainable with the

weight of the molecule or molecular aggregate, and as the

periodic specific volumes and the periodic specific entropies

of the elements are measurable they can all be shown to

be functions of the atomic shapes, which recur in ac-

cordance with the periodic table when the chemical atoms
are built up symmelrioally with the ether atom as the

tetrahedral unit.

GALLIUM.*

By L M. DENNIS and J. ALLINGTON BRIDGMAN.

(Continued from p. 258J.

The Determination of Gallil*i alone, and of
Gallium, Indium, Zinc, and Aluminium in the
presence of One Another.

The Determination oj Gallium.

Lecoq de Boisbaudran determined gallium by adding to

a solution of a salt of gallium an excess of ammonium
hydroxide and then boiling the solution until it turned

litmus-paper red (Ann. Chem. Phys., 1S84, [6], ii., 181).

This precipitated the gallium as the hydroxide, and
Boisbaudran stated that the presence of salts of the

alkali metals or of the alkaline earths did not affect the

results. From i to 1-5 mgrm. of gallium per litre of solu-

tion was, however, unprecipitated.

Trial was made of this method of Boisbaudran by
adding ammonium hydroxide to a solution of gallium

chloride that contained about 003 grm. of gallium oxide

The solution was then boiled, and it was found necessary

to continue the boiling for from thirty to forty five

minutes to effect the removal of the excess of ammonium
hydroxide. Although the precipitate of gallium hydroxide
was somewhat granular much of it adhered to the sides of

the beaker and could not be detached. Another portion

of the solution of gallium chloride was precipitated by
ammonium hydroxide after ammonium chloride had first

been added. The precipitate in this case was somewhat
more gelatinous, but a portion of it adhered firmly to the

sides of the beaker.

This article is based upon the thesis presented to the Faculty ol

the Gradu.-vte School of Cornell University by J. Allington Bridgman
in partial fulfilment of the requirements for ihe degree of Doctor of
Philosophy. From ihi Journal oj the American Chemical Society,

xl.. No. 10.

Because of this difficulty two other precipitants wcie
next tried, and to render it possible to ascertain the
accuracy of these new methods a solution of gallium
of known concentration was prepared from some of the
gallium chloride that had been purified by distillation. A
sample of this gallium chloride was dissolved in water,
an excess of ammonium hydroxide was added, and the
resulting gallium hydroxide was washed, dried, and
ignited to gallium oxide over a Bunsen flame. This oxide
was then pulverised in an agate mortar, was reheated, and
was then cooled in a stoppered weighing bottle. 0-6471
grm. of this oxide was heated with 1-5 cc. of concentrated
sulphuric acid, the resulting gallium sulphate was dis-
solved in water, and the solution was diluted to 250 cc. in
a measuring flask. This flask was calibrated to hold ten
times the volume of a 25 cc. burette that wss subsequently
used to measure portions 01 the solution.
The first reagent that was used for the precipitation of

the gallium was sodium trinittide, NaNj.
Precipitation of Gallium Hydroxide by Sodium Tri-

Hi/W(i<-.— Portions of 25 cc. each of the slightly acid solution
of gallium sulphate just described were diluted to about
250 cc. S^lid sodium liinilride was -\dded to each solu-
tion, and the solutions were then vigorously boiled for
various lengths of time. The resulting piec'pitates of
gallium hydroxide, which settled well, were collected on
ashless filters, and were washed, dried, and ignited to
gallium oxide over a Bunsen flame. The oxide was in

each case ignited in a porcelain crucible, was cooled in a
desiccator, and was then quickly weighed.

In determination No. 3, in which the boiling was con-
tinued for ten minutes, the precipitate adhered somewhat
to the sides of the beaker, and this explains the lov/

weight of gallium oxide. When the solution was boiled
for a shorter time, Nos. i, 2, and 4, the results were fairly
satisfactory in each case, and the presence of as much as

15 grins, of ammonium chloride did not affect the accuracy
of the method. The use of sodium trinittide, however, is

open to two objections : the powerful physiological action
of the hydronitric acid that is liberated when the solution
is boiled, and the diflficulty of obtaining on the market a
supply of sodium trinittide of satisfactory purity. For
these reasons sodium sulphite was substituted for sodium
trinittide.

Table V.

—

Precipitation of Gallium Hydroxide by
Sodium Trinitride.

Weight of GajOj
*'

taken (grm.) .. 0-0647 0-0647 0-0647 0-0647
Weight of NaN3
added (grm.) .. 0-5 0-5 0-5 0-5

Time of boiling

(minutes) .. .. i

—

2 5 10 4
Oiher salts added.

.

None None None 5 g. NH4CI
Weight of GajOs

found (grm.) .. 0-0650 0-0660 0-0623 0-0657

Precipitation of Gallium Hydro-fide by Sodium Sulphite.
— A portion of the same solution as was used above
was precipitated by adding about i grm. of solid hydrated
sodium sulphite to the solution and boiling for four
minutes. The precipitate was easily collected by filtra-

tion, but ignition to the oxide showed that precipitation
had not been complete. o-0784gim. of gallium oxide was
present in the solution, and the precipitate weighed 0-0728
grm. A further small amount of sodium sulphite was
added to the filtrate, which was again boiled, and the pre-
cipitate yielded on ignition 00054 g""- of gallium oxide.
In the precipitation of further portions of the solutions
1-5 grms. of sodium sulphite was added in each case.
The results are given in Table VI.
The results are quite satisfactory even when fairly laige

amounts of ammonium salts are present. It was found
that the solutions could be boiled for a much longer time
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tban when sodium trinitcide was used, without causing the

precipitate to adhere to the walls of the beaker.

Table VI.

—

Precipitation oj GMium Hydroxide bv
Sodium Sulphite.

1. a. 3-

Weight of GajOj taken
(gtm-) 00647

Time of boiling (mins.) 10—12
Other salts present (10

grms.) NH4CI
Weight of GiiOj lound

(gim.) oo64y

0'o647

6-7

NH4NO3

o 0661

o 0647

7

(NH4)^S04

o 064 r

A slight modification of this method of precipitaiion,

which avoids the introduction ol sodium salts mto the
solution, was later employed in the determination of

gallium in a sample of cxsium gallium selenate alum (see

prox.). A solution of ammonium sulphite, which was
prepared by saturating ammonium hydroxide with sulphur
dioxide, was substituted for solid sodium sulphite, h.

value of I3'33 per cent of GajOj as against a calculated
value of 1331 per cent in the alum was obtained.

In making weighings of gallium oxide it was observed
that this substance, like the oxides of aluminium and
indium, is quite hygroscopic, and in all of the analyses
that are later described the crucible that contained the
gallium oxide was placed in a stoppered weighing bottle

as soon as it was removed from the desiccator, and was
weighed in that bottle.

In the determinations of gallium described below gallium
was precipitated by sodium sulphite, the procedure being
as follows :— If ammonium chloride or hydrochloric acid
ia not already present in the solution, a few cc. of hydro-
chloric acid is added, the solution is then made slightly

alkaline with ammonium hydroxide, and about I's grms.
of hydrated sodium sulphite is dissolved in the solution.
This weight of sodium sulphite suffices for the precipita-

tion of o-i grm. of gallium oxide, and the amount of

gallium should usually not be permitted to exceed this

amount because otherwise the precipitate of gallium oxide
is so bulky as to render difficult its filtration and washing.
After the sodium sulphite has been dissolved in the solu-

tion hydrochloric acid is carefully added until the solution

is distinctly acid to litmus-paper. The solution is then
vigorously boiled tor about six minutes. The resulting

precipitate of gallium hydroxide is allowed to settle, and
is then filtered on an ashless filter-paper and washed until

the wash water is free from chlorides. The precipitate is

dried and is ignited with the paper over the Bunsen
flame in a porcelain crucible. The crucible is placed in

a desiccator while still warm, and is afterwards transferred

to a stoppered weighing bottle tor weighing.
The precipitation ol gallium by this method is usually

complete, but it nevertheless is advisable to add a small
amount of sodium sulphite to the filtrate, and to boil that

for some minutes to ascertain whether gallium is present.

If insufficient hydrochloric acid was added before the solu-

tion was first boiled some gallium may be retained in solu-

tion by the alkali re.sulting from the hydrolysis of the

sodium sulphite. To guard against this error the filtrate,

after boiling with a small amount of sodium sulphite and
the removal of any precipitate that may form, should be
acidified with acetic acid and boiled for twenty minutes.
Any gallium hydroxide that appears on this treatment is

collected, ignited, and weighed, and its weight added to

that of the oxide already obtained.

Precipitation of Zinc as Zinc Mercuric Thiocyanate from
Solutions that contain Gallium.

Zinc forms a difficultly soluble double salt with mercuric
thiocyanate. Gallium does not. To ascertain whether
this fact could be utilised to separate zinc from gallium,

a solution that contained the sulphates of gallium and zinc

was made slightly acid with sulphuric acid, and an excess
of a solution of potassium mercuric thiocyanate was
added. After several hours the precipitate of zinc mercuric
thiocyanate was removed by filtration. The filtrate was
treated with hydrogen sulphide to precipitate the mercury,
the mercuric sulphide was filtered olf, the filtrate was
boiled to remove hydrogen sulphide, and ammonium
hydroxide was then added until the solution was slightly

alkaline. Acetic acid was next added in slight ex:ess, and
the gallium that was present was precipitated as the
hydroxide by boiling this solution. This hydroxide
was dissolved in a slight excess of sulphuric acid,

the solution was diluted to too cc, and the metals
in the resulting solution were fractionally deposited by
electrolysis on a rotating platinum rod, using a current
of 2 to 3 amperes. Spectroscopic examination of the
deposits on the cathode showed that zinc tf nd gallium were
present in all of them, zinc predominating in the early

fractions and gallium in the later ones. These results

showed that zinc was not completely pre.ipitated by
potassium mercuric thiocyanate under the conditions
above de^ctibtd.

While this work was in progress, however, an investi-

gation of this method for the determination of zinr was
completed in this laboratory by Mr. C. S. Hoyt (see

Note) working under the direction of Prol. G. E. F.

Lundell. These investigators established the conditions
under which the precipitation of the zinc should be made,
and careful observance of their directions gave us very
satisfactory results.

(Note.—" The Zinc Mercuric Sulphocyanate Method
for the Determination of Zinc," a thesis presented to the
Faculty of the Graduate School of Cornell University,

June, 1917; also Lundell and Bee, Trans. Am. Inst.

Metals, Sept., 1914).

The reagent is prepared by dissolving 27 grms. of

mercuric chloride and 39 grms. of potassium thiocyanate
in I litre of water. The solution of the zinc salt to be
precipitated should not contain mare than 01 grm. of zinc

in 200 cc, and this volume of solution should contain
about 2 cc. of concentrated nitiic acid or sulphuric acid.

The solution of potassium mercuric thiocyanate is added
by drops to the solution of zinc, which is constantly stirred

during the addition of the precipitant. In making a
determination of zinc the reagent is added until a pre-

cipitate begins to form, and from this point 20 cc. of the
precipitant is added for every 01 grm. of zinc estimated
to be present. After precipitation is complete the con-
tents of the beaker are allowed to stand for several hours.
The precipitate is then collected in a Gooch crucible, is

washed with v/ater that contains 20 cc. of the reagent per
litre, and is then dried at 105—110='. The zinc factor
for this precipitate is 01314.
The accuracy of the separation of zinc from gallium by

this improved method was tested by precipitating the
zinc from a slightly acid solution containing known
amounts of zinc and gallium. After the precipitate of

zinc mercuric thiocyanate had been removed by filtration

10 cc. of hydrochloric acid was added to the filtrate and
the mercury in the solution was precipitated by hydrogen
sulphide. The mercuric sulphide was filtered olT, the
filtrate was boiled to expel hydrogei sulphide, and the
gallium was then thrown down by sodium sulphite (see

above), and was weighed as the oxide. The results of

two analyses, which are given in Table VII., show that

the method is quite satisfactory lor the determination ol

zinc and gallium in the presence of each other.

Table Vll. — The Separation of Zinc from Gallium.

I- 7.

Weight of zinc taken (grm.) o 0939 o 0939
Weight of zinc found (grm.) 00929 o'0937
Weight of gallium oxide taken (grm.) . . ooSzij 0*0828

Weight of gallium oxide found (grm.) .. 00823 ""0830

(To be continued).
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INDUSTRY AND HIGHER EDUCATION.

A MEETING was held on Tuesday, May 20, between repre-

sentatives of the Universities and Colleges and repre-

sentatives of the Federation of Btitish Industries.

Sir Richard Vassar Smith, Bart., presided over the

gathering, and in his introductory remarks stated that the

meeting had been called to consider the setting up of an
organisation which might act as a clearing house between
Universities and the Industries of the country.

It was desired to make some arrangements by which
young men leaving the Universities would have the oppor-
tunities of passing into productive work, which would give

full scope to their abilities and education. Such an
organisation should enable the man of real merit to obtain

a post which would allow him to use his abilities to the

fullest extent.

Personally be felt there was need of such an organisa-

tion, as in the future it would be more imperative than
ever that each man, in whatever grade, should be working
efficiently. Ttiere was a need in industry for a supply (and
the maintenance of that supply) of the best intelligence

of the country. It was in order to discuss this question

that the meeting had been called.

Mr. H. A. Roberts, of Cambridge University, stated

that the suggestion was one which would meet with
approval by all interested in national wellbeing. There
were difficulties in setting up such an organisation, and it

might be advisable in tbe first case to limit the activities

until further experience had been gained. It was very
undesirable to innovate a scheme on too grand a scale

until experience had been obtained.

Prof. Ferrier, of Bristol University, pointed out that

there had been nodifficulties in placing the really first-class

men, but men of the second class certainly needed assist-

ance. In many cases the second-class men had made
good when they had been able to obtain a position which
offered scope ; ability was not confined to academic dis-

tinction ; especially was this the case in regard to woik in

Industry and Commerce. As a rough estimate he would
say that 5 per cent of the first-class University men would
be required for research purposes. The remaining 95 per

cent would be employed as ordinary routine business men.
There had been a marked tendency for the University

trained men to proceed overseas, and even in the United
States the English University man was generally sure of

finding employment. It was to be hoped that this exodus
of the finer grade of worker would bs stopped by the offer

of suitable employment in this countiy.

Prof. Baker, of the Imperial College of Science and
Art, stated that he was in full agreement with the last

speaker, and that the real difficulty was in fixing the

second grade student, although there must really be a

demand for them. In the chemical industry, for instance,

there was routine work which would be more ably carried out

by the trained man. In most cases, at present, this was
carried out by the ordinary worker. The value of the

well trained man in routine work was not appreciated at

present, and he hoped that by the scheme which had been
outlined tbe Employer would eventually come to tbe

Organisation for such men besides the super-men of

research.

Prof. Lea, of Birmingham University, hoped that the

scheme would include all grades of men. Industry needed
all grades, and education could never hope to produce
men of one grade only. He thought the Federation, being
such a thoroughly representative body, could best tackle

this scheme, which he felt would encourage closer co

operation between the University and Industry.

The Master of Pembroke College, Cambridge, stated

that there had been a great increase in tbe number of

employers who were now sending their sons for Univer-

sity training ; this was an excellent sign, and should help

eventually in obtaining the cooperation for which Prof.

Lea hoped.
Prof. Bulleid, Nottingham University, hoped that the

institution of such an organisation would not mean
putting another barrier between the student and the
possible employer ; he had always found that the most
satisfactory method for obtaining posts was for the student
to write to the employer direct.

Dr. R. A. Duff, of Glasgow University, suggested that
it might be found that centralising vacancies in the pro-
posed Clearing House might be the best way of tackling
the problem. This was a question of administration and
would no doubt be considered before fully settling the
scheme.

Miss M. H. Mead, of Manchester University, asked
whether the organisation would deal with women. In
reply it was stated that the term " students " had been ex-
pressly used in the Memorandum as meaning to convey
that both men and women were included in the scheme.

It was decided that a further meeting should be held to
thrash out practical points for the setting up of the scheme
at an early date
The meeting was attended by representatives of the

Universities of Birmingham, Bristol, Cambridge, Durham,
Glasgow, London, Manchester, Oxford, Sheffield, Wales,
and the Iniptrlal College ol Techn 'ogy and Ihe Univer-
sity College of Nottingham.

Letters had been received from Queen's University,
Ireland, and Liverpool University, expressing their sym-
pathy with the scheme, and regretting their inability to be
represented at the meeting.

PROCEEDINGS OF SOCIETIES.

ROYAL SOCIETY.
Ordinary Meeting, May 22, igig.

Sir J. J. Thomson, O.M., President, in the Chair.

The loUowing papers were read :
—

"On the Structure of Lysorophus as Exposed by Serial
Sections." By Prof. W. J. Sollas, F.R S.

As the precise position of Lysorophus, regarded by
Broom as the most interesting vertebrate fossil discovered
lor many years past, still remained open to discussion,
some nodules containing its remains were placed in my
hands for investigation by serial sections.

This woik is now complete, and all the facts of the
anatomy ol the skull and vertebr;e, and the mam features
of the shoulder girdle and fore limbs are exposed with a
precision and wealth of detail only otherwise to be looked
for in a recent skeleton.

It is now placed beyond question that Lysorophus
belongs to an ancestral group ol amphibians closely re-
lated to the Urodela.
Among ihe striking primitive characters it retains may

be mentioned the presence of a basioccipital and a supra-
occipital bone, with a foramen in the former for the xiith
nerve, and possibly connected with this the presence of a
large paired proatlas. There is also a separate opisthotic,
and a pair of pillars, recalling the epipterygoids of the
Chelonia, which may provisionally be termed ali-sphenoid.
The condylar articulation of the skull is of particular

interest ; while all the other vertebrae ate amphiccelous,
the first is opisthoccelous and is swollen in front into an
odontoid process, which plays against the nearly flat

posterior face of the basioccipital. The exoccipitals
are seated in part on the basi-occipital and in part on the
first vertebra, thus forming with the basi-ocoipital a hollow
joint (opisthoccelous) in contrast to the proccelous articu-
lation of the reptilia.

The arch of the first vertebra and the face of the
proatlas are closely applied to the back of the skull in a
manner which recalls many fishes.
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Tbc hyoid (hypohyal and cetalohyal), and the branchial

arches (cetalo-branchial and epibranchial) are large and

well ossified. The number ol the branchial arches is al

least three, more probably four.

" A Preliminary Study of the Energy Expeuditun and

Food Reguircments of Women Workers." By O. Rosen.

Direct determinations (by theDouglas-Haldane method)

of the energy expenditure of women were made during

periods of rest, recreation, and work, the latter referring

to work on the lathe. By means of the data obtained, an

approximate estimate of the daily food requirements,

expressed in calories, was arrived at on the basis ol

certain considerations set forth in the communication. The

results agree with those of previous workers obtained by

indirect statistical methods.

"Retort on the Metabolism of Female Munition

Workers." By M. Greenwood, C. Hodson, and A. E.

Tebb.
Observations were made upon 43 women engaged upon

12 different processes in the manufacture of projectiles,

the rate of metabolism being determined by the method

of indirect calorimetry. Makmg the allowance for meta-

bolic needs during non-working hours recommended by

the Royal Society Food (War) Committee, the workers

were found to fall into four classes, for each of which the

daily requirements per average woman were 2530 cal jriee,

2810 calories, 3200 calories, 3425 calories. The results

were concordant with the inferences drawn from a study

of food consumption in a large explosives supply factory

during the war. The figures obtained in this experimental

work were somewhat larger than those reached by Becker

and Himiiliiinen.

GEOLOGICAL SOCIEFY.

Ordinary Meeting, May 7, igig.

Mr. G. W. Lampluoh, F.R.S., President, in the Chair.

The President said-Major R. W. Brock, formerly

Director of the Geological Survey of Canada, was called

upon last year to undertake on behalf of the War Oftice

an arduous joutnsy in Palestine, during which he had to

devote particular attention to the Dead Sea region. At

the request of the Officers of the Society, Major Brock

has kindly undertaken to tell us something of his observa

tions in the country. It is needless to say that the region

is of surpassing interest to geologists, and I am sure that

the Fellows will appreciate the opportunity of hearing

how its remarkable features have impressed so acute and

experienced a field-geologist. ..
. ^ „ ^ ,.

Major Reginald W. Brock, M.A., F.G.S., then pro

ceeded to deliver his lecture on the Geology of Palestine,

bis observations being summarised as follows :
-

The following formations are recognised

—

QlATERNARV.

Alluvium. Dunes ; Valley and Plains clay, and Silt
;

Desert Crust.

Diluvium. Terrestrial : Lisan Formation (Jordanlake-

beds).
, .

Marine : Upper Calcareous Sandstone and

Limestone. Lower Calcareous Sandstone.

Heavy volcanic flows, basalts, ashes,

lufis, c.*OC.

Tertiary.

Pliocene. Lacustrine. .....
Eocene. Nummulitic Limestone.

Mesozoic.

Cretaceous. Upper: Senonian (Danian ;
Campanian ;

Santoiiian) ; volcanics, basalts.

Lower; Nubian Sandstone; JebelUsdum

formation (?)

Jurassic. On Lebanon and Hermort only.

Pal.eozoic.

Carboniferous. Possibly southeast of the Dead Sea.

Cambrian. Dolomite and sandstone.

PreCambrian.
Volcanics and arkose.

Red granites and porphyries.

Grey granites, gneiss, and crystalline schists.

The stiucture was shov/n to be that ol a tableland

bisected by a great rift-valley (graben), and flanked by a

coastal plain. A section was exhibited illustrating East

Jordanland acting as a horst ; the boundary-faults of the

Jordan Trench; the unequal sinking ol the contained

blocks; the western section of the tableland sunken with

lelation to the eastern, and thrown into an asymmetric

anticline, the limhs of which rise in steps through mono-

clinal flexures or faults.

Lantern slides were used to illustrate the character of

the country and outstanding features in its geology, more

particularly the following :—The dependence of the topo-

graphy upon geological structure, slopes depending on

the attitude ol the rocks and elevation upon the raising or

depressing ol fault-blocks or on lava-flows ; basins and

sunken areas in the tableland ; the scarps bounding the

Jordan Trench, especially the western fault and fault-

blocks in the Trench or against its walls that have not

sunk equally with others ; the upturned block of Jebel

Usdum which, with the Dead Sea bottom and the block

nort of Jericho, indicates a median fault between the

boundary-fault; the interbanding of the JebelUsdum
salt with sandstone and shales that resemble Nubian Sand-

stone ; the unconformity of the Jebel-Usdum formation

with the Jordan lake-beds (Lisan formation), which with

the chemical composition of the salt (lack of bromine,

&c.) shows that it is not a Jordan lake deposit ;
high lake-

terraces in the centre of the Trench, with corresponding

ones north of Tiberias and south in the Araba Valley,

showing that the Jordan lake stood 1400 feet above the

present Dead Sea, and that there has been no maiked

warping since their formation ; old gravel filled cafions

of the Arnon and Terka Main which prove that the level

of the Dead Sea before Jordan-lake days stood at about

its present level, and that climatic conditions must have

been about the same, also that it did not long precede the

Jordan lake ; the Lisan formation of the Jordan lake-

beds, thin layers of mechanical and chemical sediments

veneered along the Jordan river with fluviatile clays ; bad-

land topography near the wadis and in the Lisan forma-

tion ; narrow box canons of the wadis in the Jordan

Trench and the more open valleys above producing a sort

of "hanging valley."

In the main, Blanckenhorn's recent work was con-

firmed, in particular the fault forming the western border

of the Trench and disturbances and sinking in the table-

land ; but new points were mentioned, such as the

evidence of a median fault within the Trench; the sea

cliffs of Lisan and Jebel-Usduni ; the wave-cut shelf and

thesalfof JebelUsdum ; the tilting of the Jebel Usdum
block and its independence from and unconformity with

the old lacustrine beds ;
lack of disturbance and of warp-

ing since their deposition ; the age and former level of the

Old Dead Sea and the recent rise in the present sea, the

latter indicating an increase in moisture and not drier

conditions as generally supposed.

A vote of thanks was unanimously accorded to Major

Brock for bis lecture.

Royal Institution.—A General Meeting of the

Members of the Royal Institution was held on June 2.

Sir James Crichton-Browne, F.R.S., Tresurer and Vice-

President, in chair. Captain Ralph A. Bagnold, Mrs.

Charles Cave, Mr. Edmund Davis, J. P., Miss Amelia D.

Dcfries, Mr. William E. Schall, and Mr. Frank Twyiran

were elected members.
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NOTES.

An interesting paper on the" Occlusion ol Hydrogen by

the Metallic Elements," by Donald P. Smith, is given in

the Journal of Physical Chemistry for March, igig. Trte

results of a very complete search of existing literature are

embodied in tabular form, and the conclusion o( the author

that the capacity of a metal to occlude hydrogen is con-

nected with its magnetic character is best given by the

Summary that (oUov.'s the paper:—"From a review of the

literature relating to the occlusion of hydrogen by the

metallic elements it is shown that the resulting alloys are

clearly to be distinguished from other types of binary

hydrogen compounds, and that the metals which form the

alloys probably occupy a definite region in the periodic

table of Werner. The metals of this region are classified

into those which do, and those which do not, occlude in a

degree measurable by the ordinary volumetric method.

From a comparison with magnetic data it is shown that

the occluding and non-occluding elements, excepting

copper, rhodium, and thorium, are identical with those foi

which the specific magnetic susceptibility possess a value

respectively greater or less than about -l-o-g . 10-6 at

room temperature. It is concluded that the capacity of a

metal to occlude hydrogen in large degree is an accom-

paniment of strongly magnetic character."

The "Tank."—We are indebted to Major-General

E. D. Swinton for an account of the origin of this con-

trivance about which so much has been said and written,

and which undoubtedly contributed largely to the success-

ful termination of the war. The account was given at

an informal dinner foUov.'ing the general meeting of the

Institute of Mining and Metallurgy on April 10 last. Wc
quote the Major's own words :

—" In July, 1914, Mr.

Marriott wrote from Antwerp—where his job at the

moment was trying to find out some cheap and efficient

form of transport across rcugh country for mining pur

poses. He knew all about rope railways, telpherage,

narrow gauge railways, and so on, and informed him thai

in Antwerp he had seen an American caterpillar tractoi

which would go over rough country and climb ' like hell.'

This, it must be remembered, was before the war. He
(General Swinton) happened to be in a position then when
be could approach different departments ; in vulgar

language he was a sort of Buttinski, and he was able to

go to the War Office and the Admiralty and tell the people

concerned that there was an American tractor in Antwerp

which would, in the coarse v/ords of his friend, ' climb like

hell,' and that it was up to them to investigate it for

tractive purposes. The machine referred to was the

Holt tractor. Shortly after that he had gone out to the

war, as he had said just now, as a journalist, and Lis

position gave him an opportunity of seeing and learning a

lot. It was then that he became convinced that a

machine which could climb like hell was a thing not to be

lost sight of, and if it could be developed or improved into

a bullet-proof machine which could climb ' to beat hell

'

they had something which might meet the German
machine guns."

At a recent meeting of the Society of Public Analysts

and other Analytical Chemists a paper was read by Helen

Masters, B.Sc, on "Soluble Lead in the Glaze of

Casseroles." Attention was drawn to the extended use

of glaze vessels for culinary purposes and to the danger

that food cooked in such vessels might become contami-

nated with lead. In Germany the sale of vessels which

yield any soluble lead on boiling for thirty minutes with a

4 per cent solution of acetic acid is prohibited. Experi-

ments with various glazed vessels show that in some cases

a considerable amount of lead can be extracted from the

glaze, not only by the action of 4 per cent acetic acid,

but also by the action of more dilute solutions of organic

acids, e.g., i pet cent acetic, citric, or malic acid. In

some cases as much as from 2 to 4 mgrms. of lead

monoxide per square decimetre was extracted by a i per
cent acetic acid solution in thirty minutes, and in an ex-
haustive experiment of this kind as much as 28-7 mgrms.
of lead monoxide per sq. dem. was extracted by twelve
successive boilings. The danger of the use of such
vessels is very real, and manufacturers would do well to
have reliable tests made of their wares so as to avoid the
use of soluble glazes ; the expense would probably be
v/ell repaid by marking their wares with a guarantee of

[heir insolubility.

We have received a copy of the first number of a new
publication, the Italian Gazette, a financial, commercial,
and economic review, a quarterly journal, edited by
Roberto Lombardo, with Edward Storr, as sub editor

;

published at Piazza Cavour 17, Rome. The matter opens
with a message of appreciation from the British Ambas-
sador, Sir Rennell Rodd, and the object is to improve and
strengthen the relations of sympathy and friendship
between England and Italy that have become so apparera
dutiJig tile War. In a brilliant introductory article by
Luigi Luzzatti the need for an intimate friendship between
Italy and England is developed. Oiher articles on financial

and commercial matters by prominer. Italians appear, and
in all of them there is to be noticed a sincere desire for

the friendly relations between us to be expanded for out
mutual benefit, and an avowal of their distrust of Teutonic
methods in commercial and other circles that has been
brought home to them as to other nations by recent
developments. We wish the new publication every success.
Our only regret is 'hat it is not to appear at more frequent
periods than once a quarter.

NOTES FROM FOREIGN SOURCES

Stability of Javel Estracts.—M. Fonzes-Diacon.

—

Javel extracts, when kept, lose considerable quantities of

active chlorine, the loss being caused principally by the
action of light and the author has made a study of the
course of th; reaction and the conditions v/hich may lead
to its reduction to a minimum. Eight samples were
exposed to the action of diffused light by putting them
before a well lighted window on which direct sunlight
v/as not falling; two were pUced in flasks made of yellow
glass, one of a much darker shade than the other, and the

six others in white glass. The chlorine was determined at

intervals of time extending over about four months, and it

was found that even in that time the loss of chlorine in the

dark yellow flask was very small ; in the less deeply
coloured glass it was rather greater and still more marked
in the white flasks. The greater the proportion of active

chlorine the greater the loss, and after four months'
exposure to the action of light extracts which originally

contained very different amounts gave results which
approached a common limit. If the initial amount of

active chlorine present is about 5 grnis. per 100 cc, and if

the extracts are kept in dark yellov/ flasks, they may be
regarded as unaltered at the expiration of several months.
—Bull. Soc. Chim. de France, igig, xxv. xxvi., 206.

Analysis of Antimony Salta.—Various methods have
been suggested for the analysis of antimony sulphide,

which may contain free sulphur, antimonic acid, anli-

monates, red antimony sulphide, antimony oxysulpbides,

or calcium sulphate. The oldest methods of determining

the amount of free sulphur depended upon the extraction

of it by carbon disulphide, using a Soxhiet's apparatus,

and it has recently been found that the pentasulphide is

practically unattacked in the cold, and even on warming
only about 04 per cent is reduced. Benzene or acetone
can be used as solvent, but if benzene is used the penta-

sulphide must previously be thoroughly dried. Acetone
is not to be recommended, for it dissolves a small quantity

of the sulphide in addition to the free sulphur. Another
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method of determining the impurities depends upon the

fact that antimony pentasulphide is completely soluble in

warm ammonia, and the oth:r substances present can

be filtered ort and determined in the usual way. To

estimate the total sulphur the sulphide can be dissolved in

a solution of pure potash and then subjected to the action

of chlorine, when all the sulphur is transformed into sul-

phuric acid and the antimony into antimonic acid.

Fuming nitric acid can also be used to convert the sulphide

into sulphate, which can be estimated as barium sulphate

in the usual way, and hydrogen peroxide acts similarly.

If the sulphide is dissolved in pure sodium sulphide the

percentage of antimony present can be determined by

electrolysis, platinum electrodes being employed ;
but this

process cannot be recommended, for the values obtained

are a'.ways too high. By treating a solution of the sul-

phide with soda and hydrogen peroxide and adding

alcohol, a precipitate of sodium antimonate is obtained

after thirty six hours' standing. Krom the weight of this

precipitate the amount of antimony present can be deduced.

In an alternative process the antimony is determined as

tetroxide, 86^04. A given weight of the sulphide is

heated over a water-bath with hydrochloric and nitric acids.

The solution is evaporated to dryness, taken up with

hydrochloric acid, diluted, and filtered. The precipitate

consists of silica and calcium sulphate. The antimony is

contained in the filtrate, which is decomposed by HCl,

and oxidised to give SbzO^.—Revue des Prodiiils Chimiijues,

igig. xxii.. IQQ-

Determination of Arsenic in Volatile Cacodylic

Compounds. - L. C. Maillatd.— Cacodyl and its com-

pounds readily combine with oxygen to give cacodylit

acid, which is a very stable derivative in ordinary condi-

tions. It is non-volatile, lias no smell, and is not toxic.

For the purposes of analysis the best oxidising agent to

use is psrsulphuric acid, employed in the form of am-

monium persulphate. To extract the arsenij fiom the

cacodylic acid the latter is attacked with a mixture of

nitric and sulphuric acids, the excess of nitric acid is

driven oft by heating, and the arsenic is precipitated in the

diluted solution as sulphide, and weighed either as sulphide,

or as arsenic acid, or as magnesium pyroarsenate. Even

in the case of a long series of operations, when an

accumulation of errors might be feared, the author has

found by a control experiment that this method gives

excellent results in determining arsenic in volatile sub-

stances of the cacodyl series, and it is possible that it may

be applicable to the case of other organic compounds con-

taining arsenic of more or less comparable composition.—

Bull. Soc. Chim. de France, 1919, xxv.-xxvi., 192.

MEETINGS FOR THE WEEK.

Saturday, yune 7.

Royal Institution, 3. "The Italian Front," by J. M.

Price.
Wediieiday, yune 11.

Conjoint Board of Scientific Societies, 5. (.-^t Royal

Society, Burlington House).

Thunday, yune 12.

Royal College of Physicians, 5. (Ctoonian Lecture).

"The Significance of the Cerebral Cortex," by Prof.

C. Elliot Smith.

Friday, yune 13.

Pnysical Society, 5. " Comparison of the Waveform of

the Telephone Current produced by a Thermal

Detector and a Rectifier in the Heterodyne Recep-

tion
" by V. van der Pol. " Magnetic Propcriies of

Varieties of Magnetite," by E. Wilson and E. F.

Herroun.
Saturday, yune 14.

Biochemical Society, at Rjthamated Experimental Station,

Harpenden.

I hemist, demobilised, three years' Technical
^-^ College training and oite year works experience, in order to

regain experience, lost .-Vrmy service, would cornnmnicatc witli Analyst

of extensive practice with view to Fost as Pupil Assistant for limited

period.—Address, R. B., Chemical News Office, 16, Newcastle
Street. Farringdon Street, London, E.G. 4.

( 'hemist, three years' experience in largs Tar
^-^ Producls Works before taking active service, now demobilised,

desires Employment in London or the Provinces. —Address, T. T
,

Chemical News Office, 16, Newcastle Street, Farringdon Street,

London, E.C. 4.

for Analy.-is ofC^hemist required at once
' Chrome Steel and General Metallurgical products. Slate ex-

perience and salary.—Address, C. S., Chemical News Office, 16,

Newcastle Street, Farringdon Street, London, E.G. 4.
^

unior Assistant Chemist wanted f t the Fu 1

J Research Laboratory. One preferred with B Sc. Degree, but not

absolutely essential. Should have good kn -wledge of Geology and

Palxobota y. State particulars of training and experience, age, and
salary required.—Address, F. R . Chemical News Otfice, 16, -New-

castle Street, Farringdon Street, Londo n, K.C 4

Metallurgical and Research Chemist (Univer-
sity training and extensive Works experience) will soon be free

to accept anoihei Engagement as such, or any position of trust where

organising abilities and Tech lical knowledge are desi-ed, at home or

abroad During war was Chemist in charge of large Engineering

firm.— In first place please address communications 10" L.,"CHbMiCAL
News Office, 16, Newcastle Street, Farringdon Street, London. E.C. 4

first

istry and Mathemaucs at London inter.B.Sc,
and excellent testimonial from his Professor, desires situation, either

of Secretarial natureor in some capacity utilising above qualifications.

—Address, U. M., Chemical News OBice, 16, Newcastle S'reet,

Farringdon Stieet. London, E.C. 4-

Young man (31), with good knowledge of
Chemistry and Engineering practice, desires Situation at living

wage with Chemical Engineering firm, or Assistantship in Works
Laboratory of progressive firm which appreciates intelligent and

willing service.—.Address. Sharpe. 7.;To11 Road. K'licardint: on-Forth

AGENT for Chemical and Agticmtural Pro-
^*^ duct^, well connected amongst important importation firms of

Bordeaux and Souih-West of France for SULPHA'lti OF COPPEK,
requires Agency for Bordeaux. Highest references.—Write to Box
S059. Ageoce Havas, 105, Cheapside, London

,
E.C. z.

University man (Demobilised Oiiicer),

class in Chemistry and Mathemaucs at London Inter.

fo r al I kindsU'ORMULi^, Chemical Procesr-eh
*- of products are wanted by French manufacturers; payment
cas . or on royally basis —Write immediately offers ij M, Henri
Raveau. .14, Rue de Dunketque, Paris.

TO MANUFACTURERS OF MILK FOOD PRODUCT?.

^i^r\/^ gallons or more of FKIiSM WHOLE
\J\J\J\J MILK or SEPARATED MILK Fjr Sale daily at

Creameries situate in Staffordshire, Derbyshire, and Leicestershire,

together with use of se arate premises, including Boiler and Steam
Power and Casein Drying Plant if required.—Apply to F. C. Edwards,
Edwards' Creameries, Ltd., Granby Street, Hamps ead Road, Lon-
don, N.W.

SOUTH AFRICA and PATENT MEDICINES.

Couth Africa is an enormous market for
»^ PATENT MEDICINES, some millions in value sterlicg being

sold annually. Advertiser (Englishmm. aged 45), who has very valu-

able business connection amongst Chemistp, Merchants, nnd Dealers
throughout South Africa, desires to REPRESENT Manulacturing

Chemists who make Patent Medicine?, and who are prepared to invest

capital for Advertising, &c.— Please write "Zeal," care of Chas.
Barker and Sons, White Lion Court, Cornhill, E.C. 3.

Tf in good condition, Sixpence per copy will be

paid for any of the undermentioned numbers of the CHEMICAL
NEWS which may be forwarded to this office :—

3o52, December 6th, igtS.

30O61 January 17th, '919.

306S, January 31st, 1919-

3069, February 7th, 1919.

3070, February 14th, 1919.

3075, Match 2ist, 1919.

16, Nkwcartlk Street, Farringpox Stkhf-t, I.ont^on, E-C. 4
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RESE,.\RCHES IN OPTICAL ACTIVITY.*
Part I.— The Temperature-rotation Curves for the

Tartrates at Low Temperatures.

By T. S PATTERSON, D.Sc , Ph.D.. Waltonian Leirtiircr and
Lecturer in Organic Chemistrv, Universitv of Glasgow, and

K. L. MOUDGILL, B.Sc , late Robert Donaldson Scholar,
University of Glasgow.

In some previous papers by one of the present authors it

has been shown, by piecing together evidence obtained in

various ways, that if the rotation of such a substance as

been shown by Walden (Ber., 1905, xxxviii., 371) that
cinnamic aldehyde has a very marked effect upon the
rotation of ethyl tartrate and of methyl malate, the mere
numerical values being greater than those recorded for
either of these active substances in any other solvent, on
which account we were anxious to ascertain whether the
behaviour in the former case fitted in with the views pre-

viously developed or not.

A solution of ethyl tartrate in cinnamic aldehyde,

p = !)().\ (;S = grms. active substance per 100 grms. of solu-

tion), was therefore prepared, and the rotation examined
for six colours of light. Three of these, yellow, green,
and violet, were obtained direct from a mercury arc lamp,
whilst the other three, dark red (ci), red (»-2), and blue,

which correspond to three fainter lines in the mercury arc,

were obtained from a Nernst lamp by a method which has
been described elsewhere (yourn. Chem. Soc, 1916, cix.,

1144). The wavelengths of the light used were as
follows s:

—

Temperature.

\

Fig. I.— General Temperature Rotation Curves for Tartrates

ethyl tartrate could be examined for different colours of
light over a sufficiently wide range of temperature, the
graphs would have the appearance shown in Fig. i ; they
have been traced up to the present from about the region
a to the region n. In the paper now submitted an attempt
has been made to follow the trend of these T—R curves
towards low temperatures, adopting the same method as
before. In the following experiments a start has been
made in this direction, tut before passing on to our
primary purpose we thought it worth while to investigate
one rather striking instance of solvent effect connected
with the high temperature end of the diagram. It has

* Abridgment of a paper in the Proceedings of the Royal Soitely of
Edinburgli, 1918-19, xxxix., 18—34.

ri rz y g b v

6716 3 62343 5790 3 54607 4959 7 4358 3

It will be noticed that the rotations at low temperatures
are great, and that as the temperature rises the rotation
diminishes, which was in accordance with expectation. The
T— R curves for this solution are shown in Fig. 2, and are
there contrasted with those for ethyl tartrate in quinoline
;> = i3-6oi {yourn. Chem. Soc, 1916, cix., 1145, 1151).
The curves are, on the whole, similar, but those for the
cinnamic aldehyde solution lie higher on the diagram than
those for the quinoline solution. In quinoline a minimum
is apparent, but in cinnamic aldehyde the curves are only
tending towards a minimum, which would lie at a distinctly

higher temperature than could, meantime, be reached. Now
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it hia been suggested in recent papers that the inflaence of

a solvent should be measuied, not so much by the ac'.ual

value of the roiatioii in given circumstances, as by the

effect which the solvent produces on the whole family of

T—R curves. If this be so—and there is much evidence

in favour of the idea—quinoline must be regarded as a

more powerful solvent tor this ester than is cinnamic
aldehyde, since the shilling of the T— R curve is apparently
much greater in the former than in the latter case, and it

is at least quite possible, indeed it is very probable, that if

the quinoline solution were examined at 1 awer temperatures

directly at low temperatures ; but this procedure presents a
number of difficulties such as the likelihood of solidifica-

tion ol the active substance or of the solvent, or the diffi-

culty of obtaining and maintaining low temperatures.

Secondly, the active compound may be dissolved in some
solvent which brings into the region of ordinary tempera-
tures the T—R curves, which, in the homogeneous sub-

stance, could only be directly observed at very low tem-

peratures. Thus in the case of ethyl tartrate it has alreadf
been shown (yoiirn. Chem. Soc, 1908, xciii., 360 ;

Winther, Zeit. Phys. Chem., 1907, Ix., 578) that in

Temperature
40" 60' 80"

+ 300°

-1-280°

-fzeo"

+240'

•f aao"

4- 200°

-fi8o''

a

«

3

4-160°

+ 140'

-H20°

4-100"

+80=

-f6o'

+ 40'

Fig. 2.—Tempetatuce-Rotation Curves for Ethyl Tartrate in Cmnamic Aldehyde, f --

in Quinoline, (> = 13-601 (thin lines).
964 (heavy lines), and

than those for which the diagram applies, the quinolitie

corves would rise to higher values than those for cinnamic

aldehyde. This is also in agreement with the lact that

whereas C—R (concentration-rotation) curve for ethyl

tartrate in quinoline shows a pronounced maximum {yourn.

Chtm. Soc, 1909, xcv., 322), Walden's results for ethyl

tartrate in cinnamic aldehyde give only a very slight

indication of the occurrence of this phenomenon in dilute

olotion.
We may now turn to the question with which this paper

U primarily intended to deal, name'y, the course ol the

T—R curves for tartrates at low temperatures. There are

vaiioui ways of investigating the problem. Firstly, a sub-

atince, homogeneous or in solution, can be examined

ethylene bromide the rotation is very considerably
depressed, wherefore most probably, in this particular
solvent, the whole T— R curve is displaced towards the
right of the diagram—that is, in the direction of high tem-
peratures ; or, to put it otherwise, ethylene bromide brings
into view, at the ordinary temperature, the part of the
diagram a b c (Fig. i), which, in homogeneous ethyl
tartrate, could only be observed at decidedly lower tem-
peratures. The behaviour of ethyl tartrate in ethylene
bromide at moderate temperatures ought therefore to
reveal the behaviour of the homogeneous ester at tem-
peratures lower still. Thirdly, the behaviour of some
related substance can be studied either in the homo-
geneous condition or in solution. Thus in passing from
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ethyl tartrate to I'jobutyl tartrate— 1 slight change of con-

stitution—the general T—R curves are slightly displaced

towards the left, towards lower temperatures ; whereas

on converting ethyl tartrate into ethyl diacetyl tartrate -a
considerable change of constitution —the displacement of

the ueneral T—R curves is very much greater and is in the

opposite direction.

Applying, to begin with, the se;ond of these meth >ds,

ethyl tartrate was examined in ethylene bromide solution.

Unfortunately, in attempting to get readings at as low a

temperature as possible, the solution was cooled rather too

region of minimum rotation, and since ethylene bromide
is either the most powerful, or atmist the most powerful,

depressing solvent known for this ester, we were forced to

turn next to the third method of investigation, namely,
that ot examining the T—R curves of some other tartrate,

in which there is reason to suppose that the change of

constitution has brought about a considerable shifting of

the family of T—R curves.

Noiv it ha? been shown by Ftankland and Wharton
(yoMi-rt. Clteni. Soc, i8g6, Ixix., 1587, also 1309) that the

rotation, for yellow light, of ethyl dibenzoyltarttate

-300'

-400'

—500^

-600°

Temperature.
20° 40° 60= 80° 100° 120° 140° 160° 180'

M I

I

I

I

I

I
I

I
I T T—^

- Q

j_L .1-i. -i-l. I I I I

Fis. 3.

Homogeneous.

In cinnamic aldehyde (^ = 9'55).

In ethylene bromide (^ = 9-20).

-Temperature-Rotation Curves for jjoButyl Dibenzoyltartrate in vatiofls Solvents.

O

far, so that the solvent crystallised out and spoiled the I

experiment at an early stage. Nevertheless it was found

that the rotation for violet is, in the absolute sense, very

much lower than for the other colours examined, and that

the rotation increases rapidly with rise of teiiperature, so

that the effect of this solvent is very much the opposite of

that of cinnamic aldehyde, whence it may be concluded

that the former is represented by the part be of the general

curves (Fig. 1), whereas the latter is represented by the

tegion h i k. But it is clear that the depressing influence

Of ethylene bromide is not sufficient to take us into a

exhibits a distinct minimum rotation at 60-4° ; moreover,
this rotation is low in value ([njo 18 = -59 36°), and it

seems clearly possible that the T— R curves for this eSlt r

at ordinary temperatures represent the behaviour of ethjl
tartrate—the patent ester— at very much lower tempera-
tures. The examination of an active substance for a single
colour of light can only yield an indication in regard to
this question, but an examination of the T— R curves for
various colours of light makes a definite decision possible.
Thus if, for example, the minimum in ethyl dibenzoyl-
tartrate correspond to the minimum which exists in ethyl
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tartrate at about 180°, namely, to the region ^ / m in Fig.

I, then we should expect the dispersion to be the same in

both cases, namely, positive ; the rotation for violet should
be greater, in an absolute sense, than for red. But if the

minimum were such as is lo be expected /rom a con-
tinuation of the ethyl tartrate curves towards low tem-
peratures, or for the curves for eihyl tartrate in ethylene
dibromide, the relation for ted might be expected to have
a higher absolute value than the rotation for violet, the
ditpetsion then being negative. In this way it is possible

to decide 10 which region of the ethyl tartrate curves those
for ethyl dibenzoyltartrate correspond. Instead, how-
ever, of the ethyl derivative, we prepared isobutyldibenzoyl

neighbourhood of zero rotation, the observed behaviour is,

so far, in agreement with our views. It would obviously,
however, be of interest to examine these curves towards
the right hand side of the diagram, and, in the hope of

being able to shift them far enough to link them up
definitely with those for ethyl tartrate or isobutyl tartrate,

isobutyl dibenzoyltarlrate was examined in ethylene
bromide and in cinnamic aldehyde solutions, the curves
obtained bemg also shown in the diagram in Fig. 3. But
in this we were disappointed, for although the solvents
altered the rotation to some e.xlent, the change is not very
great. In cinnamic aldehyde the general character of the

curves appears to be almost the same as in the tomo-

This Diagram is for Green and Violet, the Reference Colour being Green.

-300" -150'

Fig. 4.

[M]H,.
-Characteristic Diagram for Ethyl Tartrate (Homogeneous and in Ethyl Bromide, /> = 984), and

for f'joButyl Dibenzoyltratrate (Homogeneous and in Elhyl Bromide, p-=g2o).

tartrate and examined its rotation over a range of tem-

perature in the homogeneous condition as well as in solu-

tion in cinnamic aldehyde and in ethylene bromide. The
results are plotted in Fig. 3, and it will be observed that

the form of the curves is in agreement with the second
suggestion made above. The absolute value of the rota-

tion diminishes from red lo violet ; the dispersion is

negative. There is a distinct minimum in each of the

curves, and this minimum passes slightly towards lower

temperatures as the refrangibilily of the light becomes
greater, although the displacement is comparatively small.

The rotation tends to rise somewhat rapidly as the lem-

petatut: increases ; and since the appearance of the curves

is not inconsistent with the possibility of intecsection in the

geneous ester ; in ethylene bromide theie appears to be
some slight difference in form, which we think can hardly

be due to experimental error, but to which in the mean-
lime we can do no more than direct attention.

Since the 1—R curves for homogeneous ijobutyl

tartrate and isobutyl dibenzoyltartrate thus show directly

no common feature such as, for example, a similar

maximum or minimum, or the intersection which is known
as anomalous rotation-dispersion, their relationship is not

so obvious as might otherwise be the case. That they

ate connected with one another is tendered clearer by the

application of Armstrong and Walker's characteristic

diagram (Proc. Roy. Soc, A, 1913, Ixxxviii., 392), the

interpretation of which, from the point of view of the
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T—R curves, has already been discussed by one of us

(jfourn. Chem. Soc, 1916, cix., n8o, 1195). From what
was there said it is to be expected that if the T—R curves

for isobutyl dibenzoyltartrate and those for isobulyi tartrate

or ethyl tartrate are related, as suggested above, then the

experimental data corresponding to the region y z a b c

of Fig. I should lie along a common line in the

characteristic diagram. The points on the curve for ethyl

tartrate in ethylene bromide, which clearly belong to this

region, should lie along the same line, whereas points

belonging to the T— R curves for jsobutyl dibenzoyl-

tartrate at temperatures below that at which the minimum
occurs—that is to say, in the region of x (Fig. i)—should

not necessarily be expected to lie along the same line on
the characteristic diagram. It will be seen from Fig. 4
that this is actually the case.

(Note.—The diagram is drawn according to the author's

modification or Armstrong and Walker's method. Rota-

tion values for Hgg are plotted along the horizontal axis

(the reference line), the differences between the rotation

values for Hgu and Hg(», and Hgv and Hg^ respectively

being then plotted, according to sign, vertically above or

below the corresponding values for Hgg. The actual

rotation value at any point on the diagram is the horizon-

tal distance from the zero-point,- plus (or minus) the

vertical distance from the reference line.— Sse jfourn.

Chem. Soc, 1916, cix., n8i).
The points marked r, 2, and 3 (sihown also in Fig. 3),

for (lobutyl dibenzoyltartrate, obviously do not lie on the

line A B in Fig. 4. But the points 4 and 5, which ate on
the part of the curve corresponding to s ;; in Fig. i do lie

on the line A B, and this has almost the same direction as

that joining the two points for ethyl tartrate in ethylene

bromide c D, both being close to that for ethyl tartrate

itself, E F. Considermg that we are comparing the

behaviour of ethyl tartrate with that of the dibenzoyi

derivative of a homologous ester, tbe agreement is, on the

whole, very satisfactory, and it may therefore be concluded

that the curves in Fig. i represent the influence of tempera-

ture-change upon the derivatives of tartaric acid generally ;

that on extending the diagram towards the left a very

deep minimum is reached in the neighbourhood of low
temperatures.

A slightly different way in which the connection between
fjobutyl dibenzoyltartrate and the ethyl tartrate curves

might be shown is as follows :— It is reasonable to suppose

that if this relationship exists, the dispersion coefficient

should remain constant with varying circumstances, and
should be the same for both esters. But it has been

shown in a recent communication {yourn. Chem. Soc,
igi6, cix., 1183) that constancy can be expected only if

the dispersion coefficients be calculated from what was
called a rational zero. The rational zero (taking molecular

rotations) for thj Hg^ and Hgv T—R curves

—

i.e., the

rotation value at their point of intersection—for homo-
geneous ethyl tartrate was found to be 29-4^, and when
tbe dispersion ratio was calculated from this rotation value

as zero the number 20989 was found {Ibid., 1191). The
rational zero for the green and violet lines for tsobutyl

dibenzoyltartrate cannot meantime be determined directly,

but assuming the dispersion ratio to remain constant over

the requisite interval, the rational zero can obviously be

calculated from the rotation data at 100° and 182°, which
are as follows :

—

Isobutyl Dibenzoyltartrate,

'emperature. J00-. 182'.

[M]. .. •• -559° -463

[M]ff .. .. -271" -223

Since the dispersion coefficients at these two tempera-

tures should, by hypothesis, be the same, we must have

—

559°+ .»° = 463°-f-»^°
,

2y\°+ x° 223° -f*''
'

wheie x'' ie the value ol the rational tero. From this

equation j;° = i7'', and setting this value in either of the

above expressions, tbe dispersion coefficient 2'oo is

obtained, very nearly the same as that of ethyl tartrate for

these two colours of light. Again, taking the data for

ethyl tartrate in ethylene bromide, we should have in a
similar manner

—

8l°-l-;t° _, 58o6°-fA:°

i2-i(P+x° 20-53° -f-Ar°
'

from which j:^ = i87°, almost the same value as found for

isobutyl dibenzoyltartrate, and, accepting this as the

rational zero, the dispersion ratio is 1-96, again much the
same as in homogeneous ethyl tartrate for the same two
colours of light.

Organic Chemistry Department,
University of Glasgow.

GALLIUM.'

By L, M. DENNIS and J. ALLINGTON BRIDGMAN.

(Continued from p. 272)

Preliminary Experiments upon the Determination oj
Gallium, Indium, Zinc, and Aluminium in the pre-

sence of One Anothtr.

SoLUiiONS of salts of gallium, zinc, indium, and
aluminium of knov/n concentrations were prepared as
follows :

—
A solution of gallium sulphate was made in the manner

above described, and its concentration was ascertained by
precipitation of gallium by sodium sulphite.

Iniiium chloride that had been prepared by Mathers
{loc cit.) was dissolved in water, and measured portions

of this solution were boiled with a slight excess of am-
monium hydroxide. The precipitated indium hydroxide
was ignited to the oxide, which was then allowed to cool,

was moistened with nitric acid, was reignited, and was
weighed as InzOs.

Pure zinc sulphate was dissolved in water, and tbe

strength of the solution was determined by precipitation

with potassium mercuric tbiocyanate.

The concentration of a solution of aluminium sulphate
was determined by the usual method of precipitation with
ammonium hydroxide.

Portions of these four solutions, carefully measured
from burettes, were used to prepare the mixtures that were
employed in tbe study of tbe analytical separation and
determination of the four elements.

Separation and Determination 0/ Gallium and Indium
—Solutions that contained known amounts of gallium and
indium were each diluted to 200 cc. A small amount of

hydrochloric acid was added to each solution, and a solu-

tion of 'sodium hydroxide was run in until the liquid was
neutral. 1-5 grms. of sodium hydroxide in excess was then
added and tbe solution was boiled for several minutes.

The resulting precipitate of indium hydroxide was col-

lected on a filter and washed, and was then redissolved

in hydrochloric acid, and tbe indium reprecipitated by
again boiling with an excess of 1-5 grms. of sodium
hydroxide. This precipitate was removed by filtration

and was washed ; it was then dissolved in hydrochloric

acid, and the indium was determined by piecipitation with
ammonium hydroxide in the manner previously described,

The alkaline filtrates from tbe two precipitations of

indium were combined and were acidified with hydro-

chloric acid. The gallium was precipitated by sodium
sulphite, the precipitate was collected on a filter and
washed, was dissolved in hydrochloric acid, and the gallium

This article is based upon the thesis presented to the Faculty ot
the GraduMe School of Cornell University by J Allington Bridgman
in partial fulfilment of the requirements for the degree of Doctor of
Philosophy. From Ihs Journal 0/ the Anu-ytciin Chfimcul Society,

xl., No. 10.
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was repreclpilated with sodium sulpbile and was finally

weighed as the cxld^.

Table VIII.

Weight of GajOj taken (grm.).

Weight o( GajOii tound (gtm.).

Weight of In203 taken (gim.) .

Weight of Inj03 found (grm.) .

The Separation of Gallium from Indium.

I. 1. 3-

o 0S28 0-0828 0-0828
Not det. 00834 0-0828

00647 00647 0-0647
o-o66o 0-0662 00676

The results for gallium ate saiisfactoiy, but those for

indium ate somewhat high. Later determinations of

i idium in the presence of gallium by this methcd yielded,

however, very satisfactoty results. (See Table .\V ).

Separation and Determination 0/ Gallium and Zinc.—
S lutions containing known amounts of gallium and zinc

w te diluted to about 200 cc, and 2 cc. of sulphuric acid

WIS added to each solution. The zinc was precipitated

from these so'utions by potassium meicuiic tbiocyanate.

Ten cc. of hydrochloti; acid was added to each filtrate,

and ihe meicuty in the filtrate was precipitated by hydrogen
sulphide. Aft;r re iioval of the mercuric sulphide by
fit tion the solutions were boiled to remove hydrogen
sulphide, and the gallium was precipitated by sodium
au p"! t ' It will be seen that the results for both gallium
anJ zmc by this method are quite satisfactory.

Table IX.

—

The Separation of Gallium jrom Zinc

I 2.

Weight of zinc taksn (gtm.) .. 00939 ° °939
Weight ol zinc found igrm.) .. 00929 0-0937
Weight of GaiOj taken (grm.) .

.

0-0828 00828
Weight of G 1203 found (gcra.) .

.

00823 0-0830

Stparstion and Determination oj Gallium and .Aluminium.

—Solutions of salts of gallium and aluminium of known
concentration wtre prepared, and the aluminium was pre

cipiiated as a hydtated chloride (Dennis, Zeit. Anorg.
Chem., 1895, ix., 339) by a modification cf the method of

Goocb (" Methods m Chemical Analysis," 1912, p. 214).

In Determination No. i (see Table X.) 60 cc. of

bydi'ochloric acid was added to the solution containing

gallium and aluminium, and 6o cc. of ether was then
added. The flask was immersed in cold water and the

liquid was saturated with hydrogen chloride. The re-

sulting precipitate of hydrated aluminium chloride was
filtered on a Goocb crucible and was washed with a mix-
ture of 30 cc. of hydrochloric acid and 30 cc. of ether,

which had been saturated with hydrogen chloride. The
precipitate was then dissolved in water and the aluminium
was determined by precipitation with ammonium hydr-

oxid: A small amount of sulphuric acid was added to

the filtrate from the piecipitatlon of aluminium chloride,

and the liquid was then heated until the ether and most of

the hydrochloric acid had betn driven off; the gallium in

the solution was then thrown down by sodium sulphite.

In Determination No. 2 only 25 cc. of hydrochloric acid

and 25 cc. of ether were added before the solution was
saturated with hydrogen chloride. A mixture of 25 cc. ol

hydrochlrric acid and 25 cc. of ether, saturated with
hydrogen chloride, was used to wash the precipitate.

Table X.

—

The Separation of Gallium from Aluminium.

t. 2.

Weight of .^IjO, taken (grm.) .. 00841 00841
Weight of AljO; found (grm.) .. 00831 00825
Weight ol G?203 taken (gtm.) .. 00828 00083
Weight of Ga20; found (grm.) . . 00844 ° 0098

These results were not satisfactory, but fuitber ex-

perience with the method enabled us to obtain quite

accurate analyses by this method. (See Table XVII.).

Separation and Dclennination of Gallium, Indium, and
Zinc. Firit Method.— Solutions that cuntalned known
amounts of gallium, indium, and zinc, gallium pre-

ponderating, were diluted to about 100 cc. Zinc was

precipitated by the addition of 25 cc. of potassium mercuric
thiocyanate. Alter several hours' standing the pie-
cipitate was removed by filtration and the mercury in the
filtrate was thrown down by hydrogen sulphide. The
filtrate from this last filtration was boiled to remove
hydrogen sulphide, and the indium and gallium were then
separated and determined by the method previously
described.

Table XI.- The Separation of Gallium, Zinc, and
Indium. First Method.

00828 0-0828
0-0833 0-0833
0038 0-OI88

00041 00196
00065 0-0129
0-0030 0-0075

Weight of GaaOs taken (grm.)
Weight of Ga203 found (grm.)
Weight of zinc taken (gtm.)
Weight of zinc found (gtm.)
Weight of In203 taken (grm.)
Weight of InjOs found (grm.)

The results for gallium were quite satisfactory, but
those for zinc were high and those lor indium were quite
low. This may have been due to the presence of indium
either In the precipitate of zinc mercuric thiocyanate, or
in the precipitate of mercuric sulphide when the mercury
is removed from the filtrate from the zinc precipitation.
To throw light upon this point a solution that contained
only indium and zinc was prepared and the zinc was pre-
cipitated as zinc mercuric thiocyanate. The excess of
meicuty was removed from the fil-.rate by hydrogen sul-
phide and the indium was precipitated by ammonium
hydroxide.

Table Xll.— The Separation of Zinc and Indium.

Weight of zinc taken (grm.) . . 00939
Weight of zinc found (grm.) . . o 0969
Weight of In203 taken (gtm.) . . 00649
Weight of In203 found (gtm.).. 00494

The result for zinc was quite high, and the precipitate
of zinc mercuric thiocyanate was found to contain Indium
when examined before the spectroscope. This method,
therefore, does not furnish a satisfactory means of deter-
mining zinc and Indium in the presence of each other.
Second Method.— Solauons containing known amounts

of gallium, indium, and zinc weie prepared, and the
indium was separated and determined by double pre-
cipitation with sodium hydroxide in the manner described
previously. The alkaline filtrates from this double pre-
cipitation were combined, and the solution was neutralised
With sulphuric acid. The zinc in this solution was deter-
mined by precipitation with potissium mercuric thio-
cyanate. The mercury in the filtrate from this precipitate
was removed by hydrogen sulphide, and the gallium in the
filtrate was determined by double precipitation with
sodium sulphite (see ante).

Table XlU.—The Separation of Gallium, Zinc, and
Indium. Second Method.

No.

Wt. of

GajOa
taken.

Grm.
00828
0x828
0-0828
0-0828

00083
0-0828

00083
00083

VVt. of
Ga.j08
found.

Grm.
0-0813

00827
00821
0-0817

00079
Not det.

ooo6t
00085

Wt. of

zinc
taken.

Grm.
00186
0-0367

00939
0-0075

0-0939
00188
00939
0-0075

Wt, of
zinc

found.

Grm.
0-0171

00337
00926
ooo^9
00944
0161

o 0942
00050

Wt. of
InoOg
taken.

Grm.
00130
00323
0-0647
0-0065

0-0323
0-0130

00194
00647

Wt. of
InjOs
found.

Grm.
0-0129

00318
00650
00063
00335
o 0120

00195
00680

In Determinations 3, 5, and 7 an excess of 3 gtms. of sodium
hydroxide Instead of the usual amount of 1-5 grms. was
employed for the first precip.talion of indium hydroxide.
In Determinations Nos. i and 2 the piecipitated indium
hydroxide was dissolved in hydrochloric acid. In the
other determinations it was dissolved in sulphuric acid.
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It was found that in some cases zinc was present in the

filtrate (torn the final precipitation of iiidium by am-
monium hydroxide. Consequently, in all ol the detet-

nunations except Nos. i and 2 this filtrate was treated

with potassium mercuric ihiocyanate, and any precipitate

that formed was added to the main precipitate of zinc

mercuric thiocyanate. An examination ot the table will

show that the results for gallium and indium were quite

Satisfactory in nearly every case, but that those tor zinc

were inaccurate, especially when the amount of zinc

was small.

Third ^Ue/Aoii. —Solutions containing known amounts

of gallium, indium, and zinc were diluted to about 200 cc,

and 2 cc. of sulphuric acid (sp. gr. 1-84) was added to each

solution. Zinc was precipitated as zinc nieicuiio thio-

cyanate in the usual manner. After standing for several

hours this precipitate was collected on an asbestos filter in

an unweighed Gooch crucible, and was %vashed with a

solution containing 20 cc. of potassium mercuric thio-

cyanate reagent m i litre. Ttte precipitate was then

treated on the asbestos mat in the crucible alternately

with a few drops of a strong solution of sodium hydroxide

and a lew dtcps of concentrated hydrochloric acid until it

was dissolved, Four cc. ot acid was sufficient to effect

solution of the precipitate. Toe teiulting solution was

then diluted to about 200 cc, and the excess of acid was
neutralised with sodium hydroxide. Two cc. of con-

centrated sulphutic acid and 20 cc. of the potassium mer-

curic thiocyanate reagent were then added. The contents

of the beaker weie allowed to stand for several hours, and

the precipitate was collected in a weighed Gooch crucible

which was then dried and weighed.

The combined filtrates ttom the two precipitations of

zinc mercuric thiocyanate had a volume of about 500 cc.

Ten cc. of hydrochloric acid was added to the solution,

the mercury was precipitated by hydrogen sulphide, the

mercuric sulphide was filtered off, and the filtrate was

freed from hydrogen sulphide by boiling. The indium and

gallium in the solution were determined by the method

previously described.

Table WV.—Separation of Gallium, Zinc, and
Indium. Third Method.

1. 2. 3'

Weight of GaaOs taken (grm.).. 0-0828 o'oi66 00083
Weight of Ga203 found (grm.).. 0-0840 0-0163 00094
Weight of zinc taken (grm.) .. 0-0076 o-oi88 00939
Weight of zinc lound (grm.) .. 0-0077 o-o'88 0-0939

Weight of lni03 taken (grm.) . 0-0064 00647 0-0130

Weight of lUiOj found (grm.) .

.

00014 00502 00039

It will be seen that the results for zinc were very satis-

factory and that those for gallium were fairly accurate.

The amount of indium, however, was low in each case,

and it was tound that the precipitate of mercuric sulphide

gave a strong spectrum of indium.

(To be coDtinued).

Wolfram.— One of the noteworthy consequences of

the war, according to Metall und Erz, is the great increase

in the output of wolfram. Before the war the whole

world-production did not exceed 10,000 tons annually.

The present output is at least double that quantity. An
approximate estimate gives— Portugal, Spain, France, and

Great Britain, 2500 to 2800 tons; North America, 6000

tons ; South -Vmerica, 3000 to 3500 tons ; India, Siam, the

Malay States, and Australia, 5500 to 6000 tons ;
China

and Japan, with Indo-China, 800 to 1200 tons. The

stimulus has been high prices, so that a drop in market

value would close some of the mines. Russia certaitily

possesses deposits of wolfram. South America, Spain,

and some other countries favourable to Germany may be

expected to ship to her wolfram ore at prices considerably

below the present abnormally high \ii\-s\.—Royal Society

of Arts.

A SPECIFIC GRAVITY APPARATUS FOR GASES."

By EDWARD J. BRADY.

The simple»t method ot determining the specific gravity
of gas would be by means of a Utube with liquid in the
lower end, similar to the method used for determining the
density of liquids. This method has not been used for

gases, because of the extremely small differential pressure
that would have to be measured to obtain accuracy. The
pressure gauge in the preceding note makes the use of this

method possible.

The apparatus devised consisted of a tall tube, through
which the gas was passed, having its lower end connected
with the precision gauge by means of a four-way cock. At
the upper end there is a pilot flame, if the gases being
measured are inflammable. The gases being measured
passed through ihis vertical tube, which is opened to the

air through a suitable burner at the top. A quarter turn

of the cock cuts off the gas and connects this column of
gas with the precision pressure gauge, which will imme-
(iiately indicate a sligh suction produced on the gauge,
piovided that the gas is lighter than the air. This cock
may be turned a number oi times to e' tain check readings
on the same sample ol gas. Using the telescope and
scale as described, we may graduate the scale to r»ad in

specific gravity direct. The gravity as shown by a tube

of this kind would, of course, include any foreign matter,
suLh as particles of dust or vapours. But, Inasmuch as

these materials assist in producing the differential pres-

sure in the Pitot tube or the Venturi meter, they should be
taken into consideration in applying the formula lor these

instruments.

Gases heavier than air, such as oxygen, carbon dioxide,

&c., may also be measured, the deflection produced being
in the opposite direction.

For more accurate work, where the absolute density of

the gas is wanted, we might provide a vertical tube for air

also. This air could be dried to eliminate the effect of

moisture and the whole system surrounded by the constant
temperature bath.

Where the density of hot gases relative to air are re-

quired, the vertical air pipe could be carried within the

vertical gas pipe, so that the air would quickly assume the

same temperature as the gas being measured. In many
places a vertical tube of much greater height would be

permissible. In this case the telescope and scale could be
dispensed with and the differential pressure read from the

Vernier direct.

—

Journal of the Franklin Institute,

clxxxvii., No. 4.

BOROUGH POLYTECHNIC INSTITUTE.

The following Report was read at the Twenty-sixth
Annual Distribution of Prizes and Certificates by Principal

C. T. Millis, M.I.Mech.E., on Tuesday, May 27, 1919 :
—

The year ending July, 1918, the fourth year of the great

war, was a memorable and trying one, but in spite ot that

the Institute kept up its many activities and did much
good work, including war service. Of course in number
of students, especially of men, we have suffered, but have
probably been mere fortunate than some other institutes.

There were 2094 students and members in attendance

during the year, 1550 being evening and 540 full time day
students.

As regards examination successes, out ol the 325 papers

worked by evening students 209 qualified for passes. One
Silver Medal and ^i, being first prize in Millinery awarded
by the City and Guilds of London Institute, was won by
Lily K. Rowe, who was also awarded the Chairman's
Prize of £3 for the best record during three consecutive

Note from the Physical Laboratory of the UDited Gas Improve-
ment Company, U.S.A.
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years, being tbe fust wxnin scudcnt to gain this prize.

Four Medallions for First Aid and fourteen L.C.C.
Evening Exhibitions in Science and Technology were
gained. The boys ot the Day School gained 43 diplomas

and certificates on the results of a final examination and
their three years of good work.

The Board of Education having given up its examina-
tions, the Governors have drawn up a scheme of Institute

Examinations, and students under definite conditions will

be able to obtain diplomas for successes at examinations
in organised courses of study extending over three years.

The scheme is an important one, requiring care and
thought. We believe the diplomas will be recognised out

side tbe Institute as being of real value as evidence of

sound work on the part of the students. A careful

perusal of tbe examination lists in your hands will show
that many students by their successes in two or more
subjects during their first and second years are on the way
towards gaining tbe institute Diplomas to which I have
referred, and, indeed, some students have qualified for tbe

Diplomas. Diplomas and Certificates will be ready

shortly.

I repeat what I have said on former occasions. Much
work done by pupils of the Institute is not shown by
examination results ; for example, the Girls' Trade School
at present has no certificate examination scheme. The
real test of our work lies not in examination results but

in the progress of our students. We have ample evidence
in their successful careers that their studies have been ol

real value to them as citizens and workers. TQis has
been shown during the war.

Tbe staffing 0! the Institute during tbe past two or

three years has been very difficult, and we have been
fortunate in having tbe services of three mistresses who
have done good work for our Boys' School. Much extra

work and responsibility have been thrown on the per-

manent teaching staff and officials, who have willingly

responded. I must pay a well deserved tribute to the

zeal and energy of those Heads of Departments and the

Staff generally who have so loyally helped me to carry on.

Many appointments have now to be made to replace the

temporary staff. Dr. Henderson, Head of the Electro-

technics Department, who has been on service for some
time, has resigned, having been appointed Staff Officer for

the Army Education Scheme.
I am sure you will all bear with regret that our Lady

Superintendent is retiring in July next. Miss Smith, Mr.
Richardson, and I were appointed in 1892 to start the

work of the Institute (Mr. Richardson retired in 1915).
Miss Smith and I have worked together for twenty-seven
years, and naturally I shall miss her very much. It is

not an easy matter to do justice to her work. All who
have worked with her here know the splendid woi'i she has
done. She is the pioneer of the Girls' Trade School
movement, and no one will be able to give more energy,

thought, and devoted service to the Institute than she has
given. I am sure that the staff, members, and students
will desire to join with me in wishing her many years of

health and happiness in her retirement.

I now pass to the consideration of the future work of

tbe Institute. We feel that next session there will be a

considerable increase in the number of students, which will

tax tbe accommodation to its utmost. There is some
doubt at present as to tbe effect of the new Education Act
on our work in tbe future. Young persons of fourteen to

sixteen years of age will doubtless receive education of a

more or less general character and will be accommodated
in special buildings. Tbe compulsory part time education
for those between si.xteen and eighteen will not come into

operation for seven years, and in that work this Institute

may be expected to take a prominent part so far as science

and technical work is concerned in both day and evening
classes. Our Branch Institute, Herold's Institute, Ber-

mondsey, will probably at first be utilised in the day time
for the pupils of fourteen to sixteen years of age. One effect

of the compulsory part-time day continuation education

will be an increase in the number of girls and boys seeking
admission into junior technical schools, because the new
EJucation Act grants exemption from attendance at part-

time day courses to those children whj have attended full-

time day classes up to sixteen years of age, and this will

act as as an incentive to thoughtful parents to keep their

children at such schools until that age. Moreover, em-
ployers will be more likely to engage workers at sixteen

years of age who are exempt from attending school than
10 engage those at fourteen years of age who will be com-
pelled to attend eight hours a week in the day time until

they are eighteen.

Then, again, it will be necessary to consider how our
evening education will be affected by this Act. If the

part-time day education is properly planned and directed it

should stimulate the pupils to further efforts and provide
us with a large number of students able to go on with

higher work than at present. The work ot the .Mechanical
Engineering, Electrotechnics, Chemistry, and other depart-

menis of the Institute will have to be extended in the

future, and probably the methods of instruction, parti-

cularly in the laboratories and workshops, may require

modification to meet changing and specialised methods of

production. The compulsory part-time day education will

doubtless exert an influence on our evening work outside

that of science and technology. Owing to the co-ordina-

of education in London, our work is becoming more
technical, and therefore we must pay increased attention

to the study of subjects of general interest, such as music,
literature, modern languages, social and industrial

economics, industrial history, to enable our students to

broaden their training and make intelligent use of the

extra leisure which we hope they will have in the future.

I am aware that this is not an easy task, and I arpeal to

the members and students to give all tbe assistance they

can to help in the development of this side of out work,
so that the Governors may be able to provide facilities for

them to become not only good workers but good citizens

for this great country of ours.

Now the war is over and peace is in sight I may briefly

review the war services rendered by the Institute.

We know of over 330 students and members who
voluntarily joined the Army. The Polytechnic News has
been sent each month to members on service. This was
done at tbe suggestion of Mr. Edtic Bayley, who largdy
defrayed the cost of postage and printing. Letters have
been received from all parts of the world and published i 1

the Neiiis. Service members and students have expressed

their appreciation of the Institute's efforts to keep in touch

with them.
I regret to say that of these over lou have made tbs

great sacrifice. They will not be forgotten, and their

names will be recorded on the War Memorial which it is

hoped to place in the Institute. Many distinctions have
been gained and a number of commissions have been
obtained.

Early in the war our Farriery Institute in Bermondsey
proved of the greatest service to the Army in training at a

critical time over 1500 men belonging to the Koyal
F'eld Artillery, the Royal Engineers, and Army Service

Corps in cold shoeing. The Institute was also lent for

the reception, inspection, and dispatch of horse-shoes

required for the Army. I do not think the value of this

work has been sufficiently appreciated.

Instruction was given in the Polytechnic at the be-

ginning of the war in telephony, wheelwrights' work, and
saddlery to 100 men of the Royal Field and Royi 1 Horse
Artillery. A member of the Chemistry staff was given a

commission in the Sanitary Section, and over thirty men
of the R.A.M.C. were trained in water analysis. Our
Chemistry staff took an active part, with other Polytechnics,

in the preparation ot drugs for local anxsthetics not pre-

viously made in this country, and also rendered services

in utilisation of waste products, for which letters of thanks

have been received.

From July, 1915, until the Armistice was signed our
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engineers' workshop with the staff was given up to muni-
tions work, and over 10,000 inspection and other high-class

gauges so necessary (or munitions work were manufactured,
and successfully passed the tests of the National Physical

Laboratory. A really fine record of work.

The Southwark Volunteer Corps was started in the

Institute, with Major Basil Williams, a member of the

Governing Body, as its Commandant. The Institute

eymnasium, rifle range, and the athletic ground were lent,

and proved of great service to men of the New Army as

well as to the volunteer corps.

The Southwark Voluntary Aid Detachment was started

by our members, with Miss Swayne as Commandant, and
has done excellent work in hospitals. From the com-
mencement of air raids until the end of the war the

Institute was used as a dressing station and as a refuge,

members of the V.A.D. being in attendance every night,

and they and the working staff deserve great praise for

their devotion to duty. A presentation of watches, medals,

and certificates was made by the Governors at the reunion
on Empire Day.
The n embeis, evening students, girls and boys of the

day schools have collected very nearly ;£'4O0 for soldiers'

comforts and other funds. The girls and women students

and members have also worked a large number of articles

for soldiers and for the Red Cross Society.

Considerable attention has been paid to the training of

disabled soldiers to enable them to become dental

mechanics and motor mechanics, over 150 having been in

training. Advice and assistance has also been given to

help forward the Army Education Scheme, and a large

number of Army and Ex-Army men have received technical

training.

The large hall and men's gymnasium were lent for the

manufacture and Government inspection of anti-gas
masks ; from 15,000 to 18,coo being sent out every day.

I think I have said enough in this brief survey to give

you some idea of the service which the Institute has
rendered in connection with the war, and I believe you
will agree with me that it forms a record of which we have
every reason to be proud.

PROCEEDINGS OF SOCIETIES.

ROYAL SOCIETY CONVERSAZIONE.

The first Soiree since 1914 took place on May 28. The
gathering was quite on the old lines, and many familiar

faces were seen in the rooms at Burlington House. The
absence too of many was noted, for during the past four

years many prominent men of science have passed away.
The meeting was very wci! attended, and although there

was nothing particularly striking in the exhibits there were
many of considerable interest, showing that even during

the war there has been found opportunity for research in

other fields than those devoted to annihilation.

Among the more important exhibits were the fol-

lowing :

—

Prof. Ernest Wilson. Instruments for measuring
Minute Susceptibilities, including a Portable Instrument
for Survey Work.
The action of the instrument depends upon the mechani-

cal fores exerted by a magnetic field on a magnetic
material placed in it, the force per unit volume bing pro-

portional to the gradient of the square of the field. It is

ultimately measured by a galvanoineiric method involving

the action of a spot of light, except in the case cf the

portable instrument, when a pointer is more convenient.

Prof. H. F. Newall, F.R.S. Dr. G. E. Hale's photo-

graphs of the Zeeman Effect in tbe Spectra of Sunspots.

Ac image of the sun's disc is thrown by means of the

150 ft. tov/er telescope at Mount Wilson on tbe slit plate

of tbe 75 ft. spectrograph. Close to the slit a Nicol prism
is placed. Above the Nicol prism are mounted strips of
mica 2 mm. wide with their axes inclined -1-45° and
-45° to thu length of the strips, alternating in adjacent
strips. This device is called a compound quarter-wave
plate.

When a sunspot near the centre of the sun's disc falls

on the slit through tbe polariscopic apparatus, certain
lines in the spectrum are widened, others are resolved into

two or three components.
From a comparison of the solar effects and of the

magnitude of the Zeeman effect in expsrinients in the
laboratory on the corresponding lines, the strength of the
magnetic field in the sunspot is deduced.
Average spots exhibit fields ranging from 2000 to 2700

gausses. The field varies approximately in proportion to

the size of the umbra.

Mr. A. Mallock, F.R S. Apparatus used in the
measurement of the Growth c( Trees.

An "Invar " tape was passed round the tree and over
the " Rockers" on the apparatus whose arms control the
angle between a plane glass surface and the face of a
right-angled glass prfsm. The growth of the tree con-
tinually alters this angle, the vai.alion of which was
measured by observing the change of position of the inter-

ference bands formed, at grazing incidence, between the

plane and prism. The details of the procedure are given
in Proc. H.S., iyi8, xc, B., p. 1S6 et seq.

Dr. J. S. Haldane, F.R.S. Army form of apparatus
for continuous Oxygen administration.

In cases of poisoning by irritant gE.s, and in various
other conditions, one of the main dangers is due to tbe

fact that the partial pressure of oxygen in the lungs
becomes inadequate to oxygenate the blood. It is there-

fore necessary to add oxygen to the inspired air until a

sufficient degree of recovery takes place. With the help

of a reducing valve and graduated tap, a constant stream
of oxygen of the required amount is delivered into the

small bag attached to the face-piece. This bag is emptied
at each inspiration, none of the oxygen being wasted.
The administration can thus be continued, if necessary,

for several days, as the consumption of oxygen is reduced
10 a minimum.

The Director of Research, Air Ministry. Liquid
Oxygen Container (50 lbs. capacity), and Liquid Oxygen
Vaporiser Flask (5 litre).

These vessels comprise an inner and outer metal shell,

the intervening space being evacuated. Charcoal is placed
in the vacuum.

Sir William Garforth. Photographs, &c., illus-

trating Pressure in Explosions.

1. Photograph of coal-dust fiame, 170 feet long, being
expelled from experimental tube, with particulars of re-

gistered velocities and pressures.

2. Photograph showing a shale-dust cloud being expelled

from an experimental tube by an explosion of coal-dust,

the flame of which was extinguished within the tube by
its contact with incombustible dust.

3. Plan showing the destructive effects of a coal-dust

explosion on mine workings, and bosv the explosion flame
was extinguished on coming in contact with incombus-
tible shale-dust.

Prof. MacGreoor Morris. Portable Apparatus for

measuring Air Currents.

A Wheatstone bridge is made of four wires all exactly

alike of a material whose resistivity varies with tempera-
ture. This bridge is heated by the passage of an electric

current. Adjacent arms are so arranged as to be un-
equally cooled when placed in an air current. The
apparatus can be carried on a bicycle, and has been used
for determining the velocity of tbe wind about a cliff edge,

and also around the gallery of a lighthouse.

Sir Napier Shaw, F.R.S. Illustrations of the Struc-

ture of the Atmosphere on selected occasions.
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1. Records of wind, on tube anemometers, coirected
for the ditTeience of exposure in different oiienialions.

2. Maps of stream-function of the ait for different levels

on the occasion of the destruction of a fleet of Zeppelins,
October 19-20, 1917, and another similar distribution on
October 13, igiS.

3. Theoretical maps of the stream-function of the free

air and distribution uf pressure in the case of a cyclone
consisting ol a simple vortex with maximum velocity

43 metres per second, enclosing a c^re of fluidrotating-
like-asolid, in a uniform atmospheric current of 16 metres
per second; with maps for 18 h., September lo, 1903, for

comparison.

Dr. G. Sims Woodhead and Dr. Varrier Jones.
Quasi-continuous temperature recording apparatus for

clinical use, and specimens of records obtained.
The outfit consists of a resistance thermometer with

compensating leads, a galvanometer with "bridge" and
resistances, by means ol which a wide range of tempera-
ture changes may be observed, and a Cambridge thread
recorder, which gives a quasi-continuous (at half-minute
intervals) and permanent record of the temperature of the
human or animal body. This apparatus has bsen of use
in determining the diurnal variations of temperature of

normal subjects and in studying febrile conditions m
disease, i.e., tuberculosis. Continuous temperature records
for seventy-two hours are readily obtained.

The Cambridge Scientific Instrument Co., Ltd.
Dr. G. A. Shakefpear's Katharometer for Measuring the
Purity of Gases.
Two small spirals of platinum wire form two arns of a

VVheatslone bridge, and their resistances, depending on
their temperatures, depend on the viscosities of the sur
rounding gases. A galvanometer connected across the

bridge indicates its out of balance and is calibrated to give

a direct reading of the purity of the gas, or otherwise as

required. Many practical applications are possible: (a)

A Hydrogen purity meter for use with aircraft is ex
hibited ; (b) Permeameters for testing airship fabrics and
exploring seams or searching for leaks are exhibited

;
{c)

a humidity recorder showing the vapour pressure in the air

of the exhibition room was shown working.

Mr. F. W. Aston. Rapidly moving Striated Discharge
in Neon and Helium.
The light in the capillary of a spectrum discharge tube

contain ng neon or helium is apparently continuous, but
when analysed by a rotating mirror is found to consist of

a procession of alternate bright and dark bands or striations

travelling in the direction of the current, i.e., from anode
to cathode. These appear in the mirror as ribbons of light,

their waviness indicating variations in speed and being
more marked in neon than in helium. The mean velocity

can be calculated from the slope, and is found to be
approximately that of pressure wave propagation, i.e.,

sound, in the gas in the discharge tube.

Mr. C. T. R. Wilson, F.R.S. i. Stereoscopic Photo-
graphs of the Tracks of Ionising Particles through Air.

By causing water to condense upon the ions set free,

the invisible trail of ions left by each flying particle along
its course is converted into a sharp defined line of cloud.

Stereoscopic photographs of the tracks thus rendered
visible are taken before convection currents have had time

to distort them.
The photographs exhibited illustrate the nature of ioni-

BBtion by the alpha and beta rays from radium and by
X-rays.

2. Photographic record of the changes in the Electric

Potential Gradient during a ihunderstorm.
The record was obtained at the Solar Physics Observa-

tory, Cambridge, on June 13, 1917. It shows the sudden
changes produced in the electric field by the passage of

lightning discharges.

Mr. A. Chaston Chapman. "Mineral Yeast;"—Used
ia Germany dating the Wat for Human Food.

The organism exhibited is very similar to, if not identi-
cal with, the so called " Mineral Yeast " which was manu-
factured in Germany in considerable quantities during the
War and used to supplement the bread ration. The
organism is not a true yeast—that is to say, it does not
belong to the genus Sa:charomycei. It grows freely upon
nutrient solutions at a temperature of 38^ to 40' C,
forming a thick greasy crinkled film. It does not produce
alcohol, and the time needed for a full crop is about thirty-

six to foity-eight hours. The separated organism contains
50 to 55 per cent of protein (NX 6-25) and about 5 per
cent of fat, expressed on the moisture free material. It

is entirely free from bitterness, and has a pleasant flavour,
suggestive of that of cream cheese. Asa source of carbon,
glucose or molasses answer well, and the organism is

capable of supplying the whole of its nitrogen needs
from ammonium sails - that is to say, it does not require
any organic nitrogen. In addition to the above, phos-
phates must be present and small quantities of potassium
and magni;siuni salts. The conversion products of saw-
dust forms a good pabulum for the organism, and caa be
used to replace glucose and molasses.

Mr. George H. Gabb. Portrait of Dr. John Jeffries,

in pastel, by John Russel, R.A. Dr. Jeffries was, with
Blanchard, the first to cross the Channel in a Balloon, on
January 7, 1785.

The account o( this epoch-making " aerial voyage " was
read before the Royal Society in January, 1786. This
portrait was exhibited in tne Royal Academy in 1786, and
was lost for over 100 years until it was discovered a short
time ago, quite unknown, among a miscellaneous collection

of pictures. Dr. Jeffries, although famous as being the
first aeronaut to cross the Channel, his title to a niche in

the Temple of Science is perhaps yet more secure to im-
mortality as being indisputably the first to make an ascent
solely for scientific purposes, and the first to attempt
meteorological observations Item a balloon. In his ascent
from London on November 33, 1784, be included in his

scientifio equipment a barometer, a thermometer, a hygro-
meter, an electrometer, a marine compass, a telescope,
and six small phials filled with water given him by Caven-
dish in order to collect samples of air at different altitudes.

This last experiment was made at the suggestion of Dr.
Blagden, Secretary to the Royal Society.

Sir Robert Hadfield, F.X.S. Stereoscopic Radio-
graphs of large Carbon Electrodes.

These electrodes are used in electric steel smelting
furnaces, the largest type being no less than 22 inches in

diameter. For effective and economical working of the
furnaces it is essential that the electrodes do not break
and fall into the bath. The finer the structure of the
electrode and the fewer the inclusions, the less does the
possibility of breakage arise. The stereoscope shows
four different types of electrodes which are largely used.

War Research on Nitrogen Fixation.
For the past three years the Research Laboratory of the

Munitions Inventions Department, constituted under the
auspices of the Nitrogen Products Committee of the
Ministry of Munitions, has been conducting experimental
investigations on various methods for the fixation of nitro-

gen. The most important divisions of the work have been
concerned with the Synthesis of Ammonia, the Oxidation
of Ammonia and Preparation of Nitrates, and the Prepara-
tion and Purification of Hydrogen. Experiments illus-

trative of the work of three of the sections were shown
as follows :

—
I. Synthetic Ammonia Section.—Apparatus for the study

of Catalysts.

An example of the small apparatus used in the study of

the effect of velocity, temperature, pressure, purity of

gases, &c., on the behaviour of catalysts at pressure j up
to 200 atm. IS shown at work. In oider to be able to carry
out rapid tests of catalytic-efficiency the dimensions are

intentionally made small. Specimens representative of
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several hundred preparations of catalytic materials are
shown.

2. Nitrates Section.—A new process for the direct pro-
duction of Solid Ammonium Nitrate.

The process depends upon the interaction of ammonia
with air taking place in three stages :

—
('2) The oxidation of ammonia by atmospheric oxygen

to nitric oxide
;

(6) The further oxidation cf nitric oxide
;

(c) The direct formation of ammonium nitrate from
ammonia, water vapour, and oxides of nitrogen.

ft had long been considered impossible to prepare am
monium nitrate free fcom nitrite by direct synthcti*.
Wnen the different constituents are mixed in anything hlte
rnolecular proportions very poor yields containing much
nitrite are obtained. The rdsjlts of the investigatioa have
shown that by proper control of the experimental con-
ditions a solid dry product free from nitrite can be obtained
by a comparatively simple process. This form of am-
monium nitrate differs from the ordinary crystalline
material and possesses a number of interesting properties.

3. Hydrogen Section.
Seeing that three-quarters of the cost of synthetic

ammonia consists in the preparation and purification of
the high grade hydrogen required, a very important branch
of the work has been the study of modern catalytic
methods for its produniDn a! a lovv cost snd a thorough
investigation of the different methods for its pur!fi:aiio°i.
New catalytic processes dependent on fractional com-
bustion have been devised ani some of these have proved
successful on an indusuial scale. Twj new developments
are shown in operation :^

(i.) A recorder for indicating automatically the p r

centage of carbon monoxide in a flow of hydrogen.
(li.) A process for the removal of HjS as sulphur by

fractional catalytic combufticn.
Charts, diagrams, and apparatus illustrative of the

Liboratory work were also exhibited.

Demonstrations were given by Major G. W. C. Kaye on
the Detection of Defects in Aeroplane Timber, and by Dr.
R. T. Leiper on Biological Factois in the Spread and
Control of Bilharziasis.
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SOCIETY OF GLASS TECHNOLOGY.

The May meeting was held on Wednesday, the 21st ult.,
in the Institute of Chemi,irv. Russell Square, London.

Dr. M. W. Travers, F.R.S
, presided over a wd,

attended meeting.
After the usual formal business had been transacted.

Dr. Walter Rosenh.\in, F.RS
, gave a most interesting

and instructive lecture on "Some Phenomena of Pot
Attack." The lecture was an account of work on entirely
new lines, carried out under Dr. Rosenhain's supervision
by Mr. E. A. Coad-Pryor, B.A., Mr. V. Stott, M.Sc, and
Miss A. B. Taylor.

In the first place the lecturer stated that research was
begun on the improvement of methods for the production
of optical glass. The first step was to find a material to
arrest the attack of molten glass, and to endeavour if

possible to discover a t-ontainer entirely insoluble in glass
at high temperatures. A study of glass attack upm cbv
was begun, and the process by which glass attacks clay
investigated. These processes, owing to the novel methods
used, could be carefully controlled under standardised con-
ditions. Small pots made of china clay cast by a special
method was used in the research. The furnace used was
an electrical one, so constructed that temperature and
atmosphere could be kept constant. The pot attack of
several glasses known to be very violent in their action
upon clay was studied. The amount of pot attack was
measured exactly under various time and temperature con-
ditions. The result showed that the attack was mainly
on the bottom of the pot, and that holes were drilled in a I

rough circular form. In many cases it was shown that
the amount of attack was proportional to the depth of the
clay beneath the glass surface. The explanation of the
results was somewhat difficult to find, but a study of solu-
tion of solids in liquids less viscous than glass led to the
conclusion that the phenomenon was due to currents setup in the liquid due to density changes. By means of a
lantern the lecturer showed the processes of solution
actually taking place. One of the portions of the research
had been the microscopic examination of the glass and
pot after attack. Much interesting information had been
obtained, and slides were shown illustrating some of the
results. This portion of the work is necessarily still in
progress. It had been proved conclusively that holes
could be drilled in a pot without having actual defects
in the pot to start with. Another very interesting feature
recently developed was the application of X-rays to the
exaniination of small pots. In concluding his lectureDr Rosennain pointed out the fundamental importance
of being able to do quantitative work upon the actual
melting processes of glass.

In the discussion that followed, Dr. Travers F R S
Mr^C. J. Peddle, IJLSc F.I.C., Mr. E. A. Co^d Pry';!

B:a:; m:b°E.:" ok^an.'
J-" ^'"'^ ' - ^'-'-^ S^evenson.

During the morning the Society paid a visit to the
National Physical Laboratory at the invitation of th-
Director, b,r Richard Glazebrook, F.R.S., and a most
interesting morning was spent in inspecting the following
departments :— Engineering and Aerodynamics, Electro
technics, Optics, Metrology, Tank, Metallurgy and Glass
Research, '

The best thanks of the Society are due to Sir RichardG azebrook and Dr. Rosenhain for their splendid reception
and also to the staff of the Nati.onil Physical Laboratory'
who contributed so much to the pleasure of the visitors

o ^^^,r"','"^^''"« °' '"^^ Society will be held 'at
nhetiield on June 18.

NOTES.

The demand for radium for both therapeutic and
physical work is steadily increasing; there is now no
doubt about Its value in the treatment of rodent ulccr andmany forms of skin diseases. During the war it has been
extensively employed for the preparation of luminous
paints for ihe dials oi instruments used in night operationson land in the sea, and in the air; all these applications
are likely to be permanent. Although the actual amount
of radium in luminous paint is small-about 0-25 mgrm
of radium element to the grm. of zinc sulphide—the high
price of radium compounds makes this a matter of serious
consideration. A radio element having similar properties
i.f., mesothorium, is comparatively plentiful, beine
obtained almost as a by-product in the preparation of
thoria, used in the "mantle" industry. Tflls is now
rapidly coming into use ; it, however, has the defect
that Its "life "(the period in which its initial activity is
reduced to hall value) is only from five to six year, asconipated with 1600 years for pure radium. At the presentmoment there appears to be no ready way of distinguish-
ing the one compound from the other. In a great many
of Its applications a life of six years is quite sufficient
but, on the other hand, where it is used for medical andsome other purposes, the matter becomes very serious It
is to be hoped that some means may be found for clearly
distinguishing between the two compounds.

Far.mers and Fertilisers.—At the close of the present
month the control exercised for the last two years by the
Board of Agriculture over the prices of fertilisers to
farmers comes to an end. What that control has meant
to farmers in the supplying of fertilisers at considerably
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less ihan prime cost may be gathered from a btatement by
Lord Ernie. President of the Board of Agriculture, in the

House of Lords on Wednesday. May 7. when he staled

that " the assistance given to the farmer with his lerliliseis

has cost the Stale something like £1,600,000 last year."

The manufacture of superphosphate and compound
manures (only one section of the fertilisers referred to by
Lord Etnle) has been conliolled during these last two
years by the Ministry of Munitions, which supplied the

manufacturers wiih the raw materials on a basis which
permitted the (ale o( superphosphate and compound
manures at the pricee fixijd by the Food Production Section

of the Board of Agriculture, these being such as to en-

courage a liberal use ol artificial manures by farmers in

the interests of the maximum possible food production

wilhin these Islands. Now that Ihecontroloi the fertiliser

industry, with others, is Being abandoned and the manu-
facturers have to supply themselves with their raw
material at the market prices and independently of Govern-

ment aid, it must naturally follow that the prices of

manufactured fertilisers must be based upon the cost ol

raw materials. The farmers of the country must, there-

fore, anticipate after the close of the present month a

substantial increase in the price of superphosphate and

compound manures, which will conti.Tue until such time

as the present high overseas freights return to a more or

|ess normal level.

Caution as to Worthless Manures.— .\ corre-

spondent has forwarded a circular sent out by a certain

firm—not one of the recognised manure manufacturers

—

offering as fertiliser a material described as a complete

mineral plant food at the price of £10 per ton. Analysis

showed that the material contained no nitrogen, no phos-

phate, and only a small amount of potash ; there was,

however, a little calcium carbonate, but the bulk was
inert mineral matter. Farmers and allotment holders can-

not be cautioned too strongly againtd specious advertise-

ments claiming unusu.il powers for particular proprietary

articles. A large number of experiments have been made
by fully qualified and disinterested persons in many parts

of the country and with many crops and substances, and

no authentic record exists to show that any substances are

of use as fertiliser to farmers in this country except com-

pounds of nitrogen, phosphorus, potassium, certain com-

pounds of calcium {i.e., lime, limestone, and gypsum),

and sodium (salt and sodium sulphate). Most o( these

substances are worth buying. A fev/ experiments indicate

that magnesium compounds may, under certain circum-

stances, be of some use, though not very much ; in Italy

manganese compounds have been supposed to be of value,

though British experiments have not supported this view
;

while iron compounds have also been considered as ferti-

lisers. Neither magnesium, iron, nor manganese com-

pounds, however, are worth paying for, as their action

is far too uncertain to justify expenditure by any except

the most adventurous of experimentally-minded growers.

As to other substances there is still less indication that

they ever possess value. Before paying for any fertiliser

farmers should demand the proper invoice and should see

that they are really obtaining full value for their money.—
yournal 0/ the Board of Agriculture, May. igtg.

The federation of British Industries are organising a

British Manufacturers Exhibition in Athens, to be held in

October and November next, and at the present moment
there is a great demand in Greece for practically every

description of manufactured article produced in this

country. The f ict will probably be appreciated that the

Exhibition affords an exceptional opportunity of intro-

ducing goods to Greek buyers in advance of manufacturers

o( other nationalities. There is still some space available

in the Exhibition, but early application is advisable from

manufacturers. The articles mentioned by the Fedeta

tion's Special Commissioner in Athens as being greatly in

demand are as follows :— Machinery of every description,

particularly agricultural machinery ; Railway rolling

stock, lie. ; Cotton goods and clothing of every descrip-
tion ; Boots and shoes ; Electric dynamos, Sc. : Auto-
matic telephones; Fertilisers and chemicals generally;
Food products ; Toilet requisites, soaps, &c. ; Household
requisites of every description

; Jewellery ; Stationery
;

Furniture (both Household and Office); &c.

British Chemical Standards (Chrome Vanadium
Steel " V").—In response to a special appeal to prepare
alloy steel standard turnings of the above type, a supply
has been obtained and analysed by three Government
Departments, a number of independent analysts, steel

manufacturers, and motor or aero makers' chemists, thus
representing in the main the ditlctent sections of the
industries concerned. The analysis is as follows : —

Carbon o 574 per cent
Silicon o'lsS "

Sulphur o o6j "

Phosphorus 0024 "

Manganese 0543 „
Arsenic 0015 „
Chromium 0858 „

Vanadium 0271 „
The turnings are now available at a price just sufficient to

cover the cost and are packed in 50 and 100 grm. lots,

with each of which is issued the usual certificate giving
details of the analysis. Further particulars may be
obtained from Headquarters, 3, Wilson Street, Miildles-

brough.

Attention is directed to the new Government publica-
tion Surplus, the official organ of the Surplus Government
Property Disposal Board, Ministry of .Munitions, which
will be published on the :st and 15th of every month.
The first number just issued is a thoroughly businesslike
production. It enumerates the great variety of surplus
war material that is for disposal all over the country, and
is so classified that manufacturers and traders are able
to get in touch at once with the materials they wish to
secure. A long list of chemicals for disposal is given, in

quantities varying from a few pounds to tons. Among
the "miscellaneous stores" the followiTg chemical
apparatus appears : — Fottins Barometer (in case).

Chemical Balances Oertling, Nos. 21, 32a, 7.S.B.,
8.S.B.2. Platinum crucibles, foil, basins, and rods.

Thermometers, Gas Meters. Iron stands for Lunges.
Gas volumeters. Hydrometers, Geryk Vacuum Pump
Duplex C. Electric Motors, no V.A.C. Clamps,
Fletcher's Aspirators, Gutta Percha Nitrometer, also a
large quantity of glass and other Laboratory fittings.

(L>ing at Oldbuty. Reference D.B.5.C.). Also Large
Glass Aspirators, Amp and Volt Meter and Resistance coil.

Calorimeter Dy Alex. Wright— for fuel testing with ther-

mometer, Electric control. Ether thalpelassimeter Steam
oven, fitted with still. Portable pyrometer (by Scientific

Co., Cambridge), High temperature (boiler) Thermo-
meters, 4 and 5 ft. steel sheaths. Wash bottle, capacity
I litre. Water purification apparatus (incomplete). A
large quantity of Hydrometers, also glass and other
laboratory appliances. (Lying at Victoria Works, North-
wich. Reference D.B.5.C., Caxton House. Westminster,
S.W. 1)." Applications for copies of Surplus are being
received in large numbers by the Ministry, but it should
be known that orders for its delivery can be placed with
newsagents. The price is 3d. for each number.

MEETINGS FOR THE WEEK

Monday, June 16.

Royal Geographical, 8.30. " Tibesti to Datfur," by
Lieut. Col. J. Tilho."

Thursday, yune ig.

Institution of Mining Engineers, 11 a.m. (Dinner at

Waldorf Hotel, 7).

Friday, Juue 20.|

Institution of Mining Engineers. (Visit to Docks and
Warehouses of Port of London Authority).
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A SYSTEM OF STRUCTURE SYMBOLS.

By INGO W. D. HACKH.

The idea underlying a system of structure symbols for

organic compounds was first published about a year ago

{Canadian Chem. youni., 1918, ii., 135). Although the

principle remained unaltered tls form has parsed since

that time through various stages of development (•Science,

N.S., igi8, xlviii., 333), making it possible to present it

now in a more perfected form.
The system is based upon an extiemely simple principle

which does not involve any new conception but merely
provides an efficient, compact, and accurate device (or the

representation of certain facts of organic chemistry. It

is well known that certain information regarding organic

Atoms

MOLtCULES

Structure

Symbols

H'

7,

'7

H.O

-< +
NH. CH.,

Fig.

compounds ia conveyed in a progressive series of (a)

empirical, (6) rational, and (c) structural formula, the last

type being the most advanced form. Unfortunately the

space occupied by structural formula; restrict their use

mainly to didactic purposes in the illustration of isomerism

and stereo-isonierism. The system of structure symbols

enable a more extensive use of the information contained

in structure formula, at the same time preserving clearness

and accuracy and limiting the space, thus the ambiguity

inherent to the rational formula is avoided.

Assummg a definite valency of H = i,0 = 2,N='3or5,
and C = 4 as being the normal condition of these four

I

(t)

«-7 «>q_ fe>f 6::^ @-g ®^
AWols ftfers :/ilclelii:j'fe Ketones Acicis Esthers

FiQ. a.

elements in organic compounds, Fig. i shows the key to

the system.
In this figure the atoms are represented by points from

which one, two, three, or four lines respectively radiate.

In the molecule these lines representing the bonds are

connected, and in the structure symbols the points stand-

ing for th» four types of atoms are determined by the lines

thus—

Where 0H« line begins or ends

—

Hydrogen,
Where two lines radiate (angle)

—

Oxygen,
Where three (or five) lines radiate

—

Nitrate,
Where fottr lines radiate (two lines cross)

—

Carbon.

Thus the simplest structure symbols are the ones shown
for hydrogen gas, water, ammonia, and methane.

In order to avoid confusion in the structure symbols of

the more com; li x compounds it is wtl! to become familiar

with the appearance of the different radicals and groups.

Thus the symbols for the six important types of organic

compounds show in each case a distinct and characteristic

form. This Fig. 2 illustrates also the relationship between

alcohols and ethers (methyl ethers), aldshydts and

(^^SB 'f'^^ <s>^m t^* mfi^
m ®

rech: c-o iT** t.^

R-NCO

^

R,-NOH R-NO, R-NO3

(gMiSS

R-NC

®

©

R-ONC R-CNO

biG. 3.

ketones, acids and esters, in each case the H being

replaced by the CH3 group. The H which is being re-

placed by the organic radical R is indicated in the symbols

by a shaded circle. Fig. 3 gives the symbols for a number

of organic nitrogen compounds, illustrating schematically

the relationship of Iri- and pentavaltnt M.
With the help of the above principle the structure

symbols of Figs. 4 and 5 will be readily deciphered. In

1- + -H- 4-1-1-

2.^ 47 H-b -ffb

4- H-

-LLW

la- 4q- -Ht_

4-P 4f -4f -Wi-f

5-f 4f -Hf +Hx -mif 4++Hf

4^G-e 4i2 4J-e 4-4€ "-H+lf

7.^ -f^ 4f4_ 4fl4. -m+£(- 4+fH4

8,-<

<^-9

K 4K MK 4+fK

4-^ 41^ 4-H^
Fig. 4.

re 441-

H-<

the first row are the hydrocarbons, row 2 shows the

alcohols, row 3 the methyl ethers, row 4 the aldehydes,

row 5 the methyl ketones, row 6 the acids, row 7 the

methyl esters, row 8 the mono-amines, row g the cyanides.

It is interesting to note that in this systematic schema

CH3OH and CH3COH is listed twice, namely as alcohol

and aldehyde, and also as "hydrogen-meihyl-ether " and

"hydrogen-methyl-ketone." The benzene derivatives and

the illustration of the ortho-, meta-, and ti'ra-c-n'p-i'nds

need no ro-^-r^-v*,
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In the practical exreritnce gained in teaching organic

chemistry by this method it has become advisable to

formulate a few rules

—

Aliphatic chains containing more than six carbon atoms

1. :<x
ALFHA- ORTHO-META- TARA-

Fig. 5.

are written alternately short and long, the fifth line being

ongtr in order to enable an easier count.

Asymmetric carbon atoms are indicated by a dot (hig. 6)

ro

ti

<— •

o

4Hm

ciextro-

^mW. /lilose

4W-^ Tulose

^rMH Gulose

^ni B ^ Giacose

vOThb^ Altrose

vjii^ /lannose

iMH. laose

Fig. 6.

—C—OH group ; in levocompounds this points in the

direction ot the deckhand movement, in dtxtro-com-

pounds in the reverse direction, in inactive compounds the

direction ot the different tails will balance eath other, in

racemic compounds the dot indicating asymmetric carbon

atoms is eliminated.

All other elements entering into an organic compound
are repttsenied bv their respective " inorganic " symbol,

e.g.. CI, I, Br, S, Fe, &c.

Heterocyclic rings are better characterised by indicating

the heterocyclic atom (N or 0) by a dot outside the ring.

The nitrogen-hydrogen line is preferably written towaid

the centre of the ring, thus attention is drawn to the point

ol interest.

In F^g. 6 the sixteen isomeric hexoses are given, and it

is noiewotihy that the information contained in such a

nairow compass would have required at least a full printed

page il the customary writing of structure loimulas had

been employed.
As has been pointed out in the preliminary papers

the advantages of the systeni are numerous, for they

save space and tin.e and are valuable in the class-room.

Their simple principle is without exception readily under-

stood by tbe student and force him to write a theoretically

correct structure, otheiwise not all the given atoms would

be represented. Ttiis leads to accuracy and a definite

placing of eventual double or inplc bonds. The accuracy

and compactness ot the symbols should make them also of

value in abstracting and in hand botks where ordinarily

the structure formula of an organic compound is omitted.

The writtr hopes that the system may become of service

to the chemical world and will be glad to accept con-

structive criticism.

College of Phys cians and Surgeons,

San Francisco, April 19, 1919.

GALLIUM.'

By I. M. DENNIS and J, ALLINGTON BRIDGMAN.

(Continued from p. 2S3).

The Separation and Determination of Gallium, Indium,

Zt'ic, and /l/«mi»iKm.— Solutions that contained known
an.ounts ot gallium, indium, zinc, and aluminium were

treated essentially as previously outlined, up to the first

precipitation of gallium by sodium sulphite. In this pre-

cipitation the h)droxides of both gallium and sluninium

were precipitated by sodium sulphite, and this mixture

of hydroxides was then dissolved in hydrochloric acid, and

the gallium and aluminium were then separated by the

method described previously.

Table XV.

—

The Separation

and Alum

Weight of Gaj03 taken (grm.).

Weight ol G 2O3 lound (grm.).

Weight ol ln203 taken (gim.) ,

Weight ot Ir203 found (grm.) .

Weight of zinc taken (grm.)

Weight ol zinc lound (gim
)

Weight of AljO, taken (grm.)

Weight ot A12O; found (grm.)

The results given in Table XV. show that the deter-

mination of e ch of the four elements was fairly satis-

factory in all of the three anaKses.

These preliminary experimants upon the analytical

0/ Gallium, Zinc, Indium,
triium.

I. 2. 3-

.. 0-0828 0-1056 00414

. . 0-0797 0-1052 00429

. 00323 00323 0647
. . 0320 0-0328 00655
. . 0-0376 0376 00939
.. 00363 0-0381 00939
.. 00841 0841 0-0280

.. 00852 0-0840 0-0273

at the junction of the two lines ; the rotatory power of the

compound IB indicated by the direction of the tail of the

• Thisarticli is baRcd uprn ihe thesis presented to the Faculrj ol

ihe Gradu.ie School ot Cornell University by J Allirgion Bridgnian

in p.irlial (ulfilinent of ihe riquircmtnis for the dtg ec of Doctor of

Philosophy. From the Journal o; the Aniertciin Chimical Society,

Jtl., No. 10.
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Bepjcation of gallium, indium, zinc, and aluminium in-

dicated tbat tbe most accurate results would be obtained
by tbe determination of zinc and gallium in one sample
and of indium and gillium in a second sample, tbe

aluminium being determmed in either of the two samples.
Further investigation in this direction led to the adop-

tion of tbe procedure described below.

Method of Analysis of Mixtures containing Gallium,
Indtjtm, Zinc, and Aluminium,

Neutral or slightly acid solutions of two samples of the

material to be analysed are prepared. Sample i, in which
zinc and gallium (and aluminium) are to be determined,
should not contain more than 01 grm. of zinc. Sample 2.

in which indium and gallium (and aluminium) are to be
determined, should not contain mote than 01 grm. of

indium. The accurate determination of zinc is made in

Simple I ; that of indium in Sample 2. Gallium and
aluminium mav be determined in whichever of the two
samples hese elements are present in amounts most suit-

able for analysis.

Determination of Zinc and Gallium {and Alutninium)
in Sample i.—The neutral or slightly acid solution of the

sample is diluted to 200 cc. and ? cc. of concentrated
sulpburic acid is added. Tbe reagent solution of potassium
mercuric tbiocyanate (see ante) is then added drop by
drop to the solution, which is vigorously stirred throughout
the addition. After the precipitate has begun to form
20 cc. more of the precipitant is added, and the solution

is allowed to stand fol several hours with occasional
stirring. The precipitate is then collected in an unweighed
Gooch crucible, and is washed with a solution that is pre-

pared by diluting 20 cc. of potassium mercuric thiocyanate
reagent to i litre. A few drops of a concentrated solution

of sodium hydroxide and then a few drops of concentrated
hydrochloric acid are alternately piured upon tbe pre-

cipitate, and between successive additions of these reagents
small quantities of water are run through the crucible.

The precipitate should be entirely dissolved by the use of

not more than 4 cc. of hydrochloric acid. If this solution

of the zinc precipitate is acid it is neutralised with sodium
hydroxide ; if it is alkaline it is neutralised with sulphuric

acid. It IS then diluted to 200 cc, 2 cc. of concentrated
sulpburic acid is added, and tbe zinc is precipitated with

20 cc. of the potassium mercuric tbiocyanate reagent in

tbe manner above described. After several hours' standing
the precipitate is filtered through a weighed Gooch
crucible, and is washed with the dilute solution of potas
slum mercuric thiocyanate above mentioned. The pre

cipitate is then dried in the crucible at 105—110° and is

weighed. The zinc factor is 01314.
If it is desired to determine gallium, or gallium and

aluminium, in this sample the filtrates from tbe two pre-

cipitations of zinc are combined, 5 cc. of concentrated
hydrochloric acid is added to the solution, and the mer
CUry is precipitated by hydrogen sulphide. The precip i'te

of mercuric sulphide is filtered off and washed. The
filtrate is boiled to expel hydrogen sulphide and is then
neutralised with sodium hydroxide. 1-5 gims. of sodium
hydroxide dissolved in a little water is then added to the

solution, which is next boiled for several minutes. The
resulting indium hydroxide is collected on a filter-paper

and is washed with hot water, and the filtrate is set aside.

The precipitate of indium hydroxide is then redissolved in

hydrochloric acid, the solution is diluted to 100 cc,
1-5 grms. of sodium hydroxide is added, and the solution

is again boiled to rerrccipitate indium as the hydroxide.

This precipitate is collected on a filter and is washed with

hot water; the filtrate (rom this precipitation is then com
bined with the filtrate from the fir^t pr-c p tatlnn. 1-5

grms. of hydrated sodium sulphite, N^2S03.7H20, is dis

S'^lved in a little water and is added to the solution.

Hydrochloric arid is next run in, a drop at a time, until

the solution is distinctly ac d to litmus piper. Toe liquid

is then boiled for about six minutes. The resulting pre

cipitate consists of gallium hydroxide together with

aluminium hydroxide if aluminium is also present. It

is collected on a tiiter-paper and is washed with a little

hot water. To make sure tbat tbe precipitation of ga lium
has been complete a small amount of sodium sulphiie is

added to tbe filtrate and the solution is bailed for several

minutes. If no precipitate results the solution is made
slightly acid with acetic acid and is bailed for a further

twenty minutes. Any additional precipitate from either

of these treatments is added to the precipitated hydroxide
first obtained

II no aluminium is t>resent the gallium hydroxide is dis-

solved in hydrochloric acid and the solution is diluted to

200 cc. The solution is then made slightly alkaline with
ammonium hydroxide, and 15 grms. of hydrated sodium
lulphite is then added. Tne solution is then made slightly

acid with hydrochloric acid and is boiled for about six

minutes. The resulting precipitate of g Ilium hydroxide
i-4 collected on an ashless filter-piper and is washed with
water until free from chlorides. Tbe filtrate sh mid be
tested as above described to ascertain whetber the pre-

cipitation of gallium has been complete. The gallium
hydroxide is dried on the paper and is incinerated over
the Bunsen fltme and weighed as GiaOs-

If aluminium is present the precipita : of the hydroxides
of gallium and aluminium is dissolved in not more than
25 cc of concentrated hydrochloric acid. An equal
volume of ether is added to this solution. Tbe fiask is

immersed in cold water and the solution is saturated with
hydrogen chloride. The precipitated hydrated aluminium
chloride is collected on an unweigh=d Gooch filter. The
precipitate is washed with a small amount of a cold mix-
ture of equal volumes of concentrated hydrochloric acid
and ether, this mixture having first been saturated with
bvdrogen chloride. The precipitate is then dissolved in

water, and the aluminium is determined by precipitation

with ammonium hydroxide in the usual manner. The
Blirate from the aluminium chloride precipitate contains the
gallium. One cc. of sulphuric acid is added to this solu-

tion, which is then bailed until most of the ether and
hydrochloric acid have been expelled. The solution is

then diluted to 200 cc, and the gallium is determined by
precipitation with sodium sulphite in the manner above
described.

Determination of Indium and Gallium {and Aluminium)
in Sample 2. — Sample 2, in which indium is to be deter-

mined, is diluted to too cc, and t'5 grms. of sodium
hydroxide in excess of the amount of this substance
required to neuiralise the solution is added. The liquid is

then boiled for several minutes, and the resulting pre-

cipitate of indium hydroxide is collected on a filter-paper,

is washed with hot water, and is then dissolved in hydro-
chloric acid. This solution is neutralised with sodium
hydrrxide as before, 15 grms. of sodium hydroxide is then
added, and the solution is boiled for several mmutes.
This second precipitate of indium hydroxide is dissolved in

hydrochloric acid, ammonium hydroxide is ad^Jed until tbe
solution is slightly alkaline, and the liquid is boiled tor

several minutes. Tbe precipitated indium hydroxide is

collected on an ashle^is filter-paper, is washed with hot
water, and is then dried. It is next ignited in a weighed
crucible over a Bunsen flame, the crucible is allowed to

cool, the oxide is moistened with a few drops of nitric

acid, is heated carefully to remove the excess of nitric

acid, and is then again highly heated over a Bunsen
flame and is weighed as 10303.
Tbe alkaline filtrates Irom the two precipitations of

indium by sodium hydroxide contain tbe gallium and
aluminium that may have been present in the sample. To
determine these two elements the solution is neutralised

with sulphuric acid, and then r cc. of concentrated sul-

nhuric acid is added for every 100 cc. of the s ilution.

Z'nc is prec'pitated from this acid solution by the addition
of from 30 'o 40 cc. of the potassium mercuric thiocyanate
reagent. The contents of the beaker are allowed to stand
for several hours, and the precipitate is then collected on
a filter and is washed with a solution containing 20 cc
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of tils p:ita3sium mercuric tbiocyan^te reagent to ttie litre.

Fiv^ cc. of byd o^nloric acid is added to tn;: filtrate, and
mercjry U thei p.e:ip:tat;:d by tiyJcogen sulphide, the

nurcuri; sulphide is r:imved by fiiiraii}n and is washed,
and tho filtrate \-, ths.T freed Iron hydrogen sulphide by
boiling. Ualllum and aluminium miy then be determined
in ihissoluiion by the meihod described under " Sample i."

The oxdcs of gall. urn, indium, and aluminium are

soinewhnt hygroscopic. For this reason the crucible

that contains the ignited oxide should in eacb case be
weiijhed in a stoppered weighing bottle.

R-jsults that were obtained in analyses of mixtures con-
taining gallium, indium, zinc, and aluminium by the use
ol the methods just described are given in Tables XVI.
and XVII.

Table XVI. - Determination of Zinc and Gallium in

Sani/>le I.

I. i. 3.

Zinc taken (gtm.) . . o 0076 001S8 00939
Zinc found (gim.) .. 00077 00188 00939
GaaOj taken ('grm.) .. 0082b o oi55 00083
Ga203 found (grm.) .. 00840 00163 00094
IrijOj present (grm.) .. o 00G4 0^0647 00130

Table XVII.

—

Detinnination of Indium, Gallium
(and Aluminium) in Sample 2.

InoOa InjOa GajOa Ga-jOs AI2O3 Al.aOa Zinc
No. taken, found. taken, found. taken. found. present.

Grm. Grm. Grm. Grm. Grm. Grm. Grm.

I. 0323 0-0328 01056 0-1052 0-0841 0-0840 00376
2. 0x647 00655 0-0414 0429 0-0280 0-0273 0-0939
3- 0323 0320 0828 0-0797 0-0841 0-0852 00376
4- 00130 0'0I29 0-0828 0-0813 None — o-oi8g

5' 00323 00318 0-0828 00827 None — 00367
6. 00647 0650 00828 0-0821 None — 00939
7- 00065 00063 0-0828 00817 None — 0-0075
8. 00323 0-0335 0-00S3 0079 None — 00939
9- 0194 00195 0-0083 0-0061 None — 00939

10. 0647 o-o6So 00083 0085 None — 0-0075

(To be continued).

THE N.\TURE of the LIQUID SURFACE.'
' By H. R. PROCTOR, D.Sc.

Most scientific people have noticed the curious persistence
ol errct.i which, once they have crept into textbooks, are
copied from one to another without question. The e.x-

ptiienced hand notes them and passes on, being generally
too busy to correct the legion of text-books even ii he
read." them, but to the stud-.nt they are often a source
of much perplfxlty and misunderstanding. It is this

consiieration which induces me to discuss a statement
which has arpearcd in recent books on colloid chemistry,
and has even formed the basis of elaborate theories of the
colloid state, but which I believe to be entirely without
basis in fact. It is, to quote from a recent work, "that
the surface is under greater pressure than the bulk of the
liquid owing to the contracting force of surface tension"

—

•' a conclusion which has many important corollaries''—
and, of course if the conclusion is unsound the corollaries
fall with it. The error seems to have arisen from assuming
that surface tension was the cause instead of the effect of
internal frtssure, and so "putting the cart before the
horse."

I fear thai to make the case clear to chemists who are
not physicists I must deal with some rather elementary
matters, for which I apologise to those to whom they arc

• From the Jonnt.il oj the Sorirly of Lialhir TiaJes' Chcmiils,
III., Nj. 4. (Communicated by tbc Author).

already familiar. The internal pressure of liquids is

simply the result of the mutual attraction ol their mole-
cules, v/hich holds them together and prevents them from
fiying oR into vapour, and is analogous to (il not identical

with) tne cohesion of solids. In liquids, however, the
molecules, being further apart, and equally attracted from
all sides, can move freely within the liquid surface, though
to liberate them from it, the large amount ot energy known
a;^ the "heat of ev,iporation " must be expended. It may
seem curious at first sight that these attractions, enormous
as they can be shown to be at molecular distances, are so
little obvious to ordinary observation, but it must be
realised that they are intra molecular and confined within
the liquid surface, and, that to be truly within the liquid

in a molecular sense, a body must be actually dissolved in

it. The attractions diminish very rapidly with distance,
so that they are only really el?ecti-.e over spaces which
must probably be measured in hundred-millionths of

a mm. Thus they are generally negligible in gases unless
strongly compressed, when they diminish elasticity, and
even bring about liquefaction. In Van der Waah' well-

known gas-equation, (*+ "
) (j;_i) = RT, the term

"

represents these attractions or internal pressure, which thus
behaves as a direct addition to the external pressure,
while 6 is a correction for the actual volume of the mole-
cules which cannot be compressed. When these correc-
tions are taken into account with suitable constants the
gas equation holds very approximately even for liquids.

So far it has proved impossible to measure the internal
pressure directly, though qualitatively it can be proved
to exist. It has been shown that quite large forces are
required to break the continuity of a gas free liquid sealed
in a glass rubs so that no free surface exists, and the well
known " bumping '' ot succussive boiling of gas-free liquids

is due to the difficulty of steam forming a new surface in

the interior of the liquid. Indirectly, it has bsen shown
by Stefan that in bringing a molecule into the actual
surface half the work is accomplished which is requited to
set it free in the form of vapour, and, since the total

"heat of evaporation" is known, the internal pressure
overcome in bringing a molecule to the surface is

easily calculated, and it proves to be enormcus. For
ether at its boiling-poin; the calculated pressure is 1284,
and for water at o" C. 11,000 atm., or about 72 tons per
sq. inch.

If we imagine Stefan's molecule on the surface (that is,

half i.i and half out) we shall see that it is attracted down-
wards and to all sides by the other molecules within the
very small hemisphere of its molecular range of attractions,
but as there are no molecules above it there is nothing to
attract it upwards or counterbalance these downward
attractions, while the molecules around and below it pull it

at all angles of obliquity below the horizontal. By a device
well known to mathematicians each of these oblique forces
can be "resolved into" or represented by two smaller
forces, one vertical and the other horizontal, and all these
attractions of the hemisphere finally resolved into one
force pulling vertically downwards, and two equal and
opposed forces pulling horizonially in any two opposite
directions, and these hoiizontal forces are what constitute
surface tension, a force tending to draw together and
contract the surface in every direction. On water, which
has a higher tension than any other common liquid, the
force amounts to about 75 dynes (say, mgtms.) across the
linear centimetre.

From what has been said it will be seen that thesurface
tension is not a new force in itself, but merely a resolved
part of the internal pressure, and in extending the surface
we diminish its internal pressure to the same amount as
the surface energy has been increased, or, in other words,
lessen, notincrease its compression. If we follow Stefan's
conception so far as to suppose the surface extended to one
molecule in thickness the v/hole of the internal pressure
will have disappeared, and as there are two surfaces the
whole of the work will have been done which is necessary
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to convert the liquid into vapour, and there is no longer
any vertical component to prevent its passing into the

gaseous state.

Both the internal pressure and the surface tension
diminish with the rise of temperature from the opposing
effect of the heat energy. If (Tq be the surface tension
at some known temperature, and ai that at another,

ni = ao{i—yt), y being a small constant, usually about

0003, and the temperature being in C". Plotted on
curve paper this gives a straight line, sloping down from
to to ^ if t be the higher of the two. Obviously there is

a temperature at which this line must cross the zero line,

and this point proves to be very approximately the

"critical" temperature at which the liquid and its vapour
become equal in density, and as there is no longer any
distinction between them both surface and surface tension

disappear. It is probable that even at ordinary tempera-
tures the actual liquid surface, far from bi:ing a region of

compression is a sort of critical layer, where a film of

expanded liquid merges into one of compressed vapour,

for the molecular attraction cannot cease suddenly at the

liquid surface, but must attract the vapour molecules
above it. This, in fact, almost follows from the theory of

vapour pressure, v/hich is the equilibrium of pressure at

which as many vapour molecules fall into the liquid surface

and are caught by it as escape from it in the form of

vjpour. Van der Waals gives a differential equation con
necting the surface tension with the rate of fall of density

in the surface layer. There is probably no break in the

curve of density in passing through the surface, but only

a very rapid change of direction. In tHe gas-equation the

term — expressing the internal pressure appears as a

simple addition to the mechanical pressure of the gas.

Thermodynamic considerations prove that the extension

of surface is accompanied by loss of heat ; that is to say,

that the heat energy of the liquid has been consumed in

overcoming the attraction of the molecules, just as heat
is consumed when a liquid evaporates. It is theiefore a

fair conclusion that the formation of surface is accom-
panied by expansion and not by contraction.

It seems a mechanical misconception to suppose that

pressure applied to the surface of a liquid the particles of

which are free to move in any direction could produce a

local compression on the surface, since the pressure must
be equally distributed throughout the liquid as if it were
confined in a stretched rubber skin, to which surface

tension has often been compared. Local compression
could only be produced by attractive forces directed to-

wards the region of pressure. Ex hypothesi, surface

tension is a tension and not a pressure, and though it pro-

duces ?. pressure within a convex surface it must stretch

and expand the surface layer itself. Such a pressure is

easily observed in a drop hanging to a pipette, which
recedes when the pressure is relieved by sloping the pipette,

and where the radius of curvature is short, as in a very

small drop, it may become very considerable. The

equation to such a pressure is ^ = — where a is the sur-

7
face tension and 7 the radius, and the pressure increases

inversely as the radius. In a globule of water in air of

0001 mm. in radius y would be about 15 atm. Where the

surface is flat no pressure is produced, and the liquid under
concave surfaces is in tension, as is seen by the rise of

liquids in cspillary tubes.

There is one sense, however, in which the surface may
be said to be under greater pressure (though not greater

compression) than the bulk of the liquid. In the surface

the unbalanced downward component of the attractions

tends to draw a particle downward and inward with a

maximum force, while within this force is balanced by

others drawing in an opposite sense, so that the particle is

equally free to move in every direction. A mass on the

earth's surface has a maximum weight or downward pres-

EUte, but is exposed to no external pressure but that of the

atmosphere. If it were moved to the centre of the earth
it would have no weight, but be exposed to the enormous
compression of the superincumbent mass. Possibly the
analogy is a closer one than appears at first sight ; for we
need not suppose that the attraction of gravitation
vanishes at molecular distances, though it is probably
modified by other forces, and there is some reason to

believe that it varies inversely as the fourth power of the
distance like that of a small magnet (I^ewis, " A System
of Physical Chemistry," I., p. ir, Longmans, 1916), and
the differences between the attraction which governs the
solar system and that which causes internal pressure may
well arise from the fact that the one is exerted by
enormous masses over hundreds of millions of miles, and
the other by almost infinitesimal particles over hundred-
miUionths of a mm. ! The thickness of the surface film

has been estimated as of the order of the last named
quantity (10-8 cm.), and if so, two particles within it

must attract each other with ten thousand million million

(lo + ioj times the force they would exert on each other at

I cm. apart, so that gravitation alone may well account
for enormous attractions at molecular distances.

The facts which have been adduced are, I think, suffi-

cient to disprove the theory of a com ressed surface, but
there are several other poinis which it is interesting to

notice. I do not propose to discuss the effect of electric

potential on surface tension in dstail, since, important as

it is to the chemist, it would open too many side issues for

this paper. Since charged particles, where + or — repel

others of the same sign, a charged surface tends to spread
in opposition to surface tension, which, if the charge is

sufficient, may even become negative. O.i this depends
the action of the capillary electrometer which is sensitive

to charges so small as o-ooi vjlt. The most important
cases are those of charged interfaces between two liquids

v/hich are charged with opposite signs. Such charges
continually arise from the accumulation of positive or

negative ions on the surfaces, and probably play a leading

part in the stability of emulsions and colloid solutions

generally, and on their precipitation by electrolytes.

So far our attention has been practically confined to

what may be called "free" liquid surfaces in contact only
with their own vapour, or with an inert gas of which the

influence may be generally neglected, though in some
cases the gas cr vapour may be so condensed on the sur-

face by its attraction as to appreciably influence the

tension. A class of surfaces, however, which are still

more important in chemistry and colloid theory are

those which form the interface between a liquid and a

solid, or between two immiscible liquids ; and here again

assertions have been made and assumptions taciitly

accepted which do not seem in harmony with known
facts.

If one liquid be poured upon another with which it is not

miscible, m a test-tube, an interface is formed between
them which is much flatter than that on either of the in-

dividual liquids in air, and may be concave or convex
towards the upper liquid ; that is to say, the surface

tension is smaller towards another liquid than to air or

vapour. The cause is obvious— the whole of the attractive

forces are no longer resolved on the surface as to theii

horizontal components, but a portion of the attractive

forces of each passes through the surface and is exerted

on the neighbouring liquid. It seems to be experimentally

proved that, between liquids at least, the remaining

common tension of the interface ia equal to the d:fference

between the two single ones if it is taken into account that

in many if not in all cases some mutual solution takes

place which usually lowers surface tension, and that the in-

dividual tensions to be considered are not those of the

pure liquids but of the saturated solutiona of either in the

other. If this rule is really exact it is obviously impossible

to find three liquids A, B, and C, of which the tensions

A — B + B-C are less than the tension A — C, and in no
such case has ever been observed, though it has been
tated that it is possible when one of the series is a solid,
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and a theory of the action of protective colloids has been

built on the supposition.

It appears, therefore, that with liquids at least the

common tension of the interface results from the unaltered

individual tensions of the two liquids acting in opposite

directions, and it follows that while the positive value of

the greater tension is reduced, that of the less becomes a

minus quantity, and it tends, not to contract, but to spread

on the surlace of contact ; while it is a matter ot observa-

tion that many liquids, like oil on water, do not apparently

spread but form lenticular drops on the surlace. The
explanation appears to be that when a drop of oil is

placed on clean water it immediately spreads and covers

the latter with a thin and invisible film, and if the surface

were infinite would do so without limit. When, how-

ever, a surface becomes covered with a film of oil of a

thickness approaching the range of molecular attraction

its surlace tension is reduced till it becomes less than ibat

of the bil itbcll, which consequently ceases to spread and

forms a drop. When a liquid refuses to spread on a sur-

face of higher tension, it is because the latter is already

co\ ered with a film of grease or some other impurity which

reduces its surface tension below that of the other. It

has been shown that clean water will spread spontaneously

on a surface of clean mercury, and of course the same

reasoning applies to solid surfaces. As all surfaces attract

not merely liquids but gas and vapours it is possible that

in some cases the interfering film may be one of com-

pressed gas. or of condensed vapour.

If in a system of two liquids, that with the lower tension

tends to spread upon the other, this must be still more

the case when of three substances the tension of one

is lower than that of either of the others, since on both

sides of its film the tension becomes minus, and it spreads

in a thin layer between them. If the system is one of a

solid (of which the surface tension, or at least the internal

pressure is always high), and of an emulsion-colloid, the

surface must become coated with whichever of the colloid

constituents has the lowest tension, and the "adsorption"

will closely obey the so-called adsorption-law, the exponent

depending on the fall of attraction with the thickening of

the absorbed film (see Note). It is not improbable that

such a coating may explain the action of protective colloids

on suspensoid sols.

The bearing of these facts on the formation of emulsions

is obvious. If two immiscible liquids are shaken together

the one present in less quantity becomes mixed with the

other in the form of small globules bounded by an interface

of the enclosed and enclosing liquids, and whichever of

the two has the highest will retain a positive surface

tension, while that of the other will become negative and

tend to spread, the common interface tension as a whole

remaining always positive. It is obvious that the nearer

the two are to equality and the less will be this common
tension, and the less the tendency of the separate globules

to coalesce under its influeiice, and if the tensions of the

two became actually equal all tendency to coalesce into

separate liquids would disappear, and actual solution

or a permanent colloidal sol would be formed, and any

slight disturbing cause, such as a difference of potential,

would cause this to take place spontaneously. The more

common case of permanent emulsion, however, is that in

which three constituents lake part. If a little soap, or alkali

which forms soap with the free fatty acid be added, it

lowers the surface tension of both the other constituents,

and probably forms an intermediate layer between them,

so that there is no longer any tendency for globules to

coalesce. Many colloids when they accumulate on a sur-

face have a tendency to undergo some condensation

which is irreversible, and enables them to form an in-

soluble skin, and this would tender the emulsion still

more permanent.

It would be interesting to consider the tearing of the

facts which have been stated on the Wiilard Gibbs theory

of mechanical adsorption, which, in my opinion, has been

called in to explain many actions to which it does not

apply
; but any full discussion would exceed the necessary

limns ol this paper. The theory is based on thermo-
dynamic considerations, and is usually stated in irtt form
of a differential equation not very comprehensible to others
than mathematicians, so that it may be worth while to
explain Its reasoning in other than mathematical language.
II a substance of lower surface tension is dissolved in a
liquid It lowers the surface tension of the latter, and Gibbs
shows that such a substance tends 10 accumulate in the
surface, and still further to lower the tension, and with it

the surface energy (which s the surface tension x the
surface) which tends to reduce itself in every possible way.
At the same lime the concentration ot the substance in

the surface creates an opposing osmotic pressure in the
surface layer, and equilibrium is reached when the loss ot

surface energy is equal to the gain in osmotic. Thus, other
things being equal, the more the substance reduces surface
tension, and the larger its molecule (and consequently the
less the osmotic pressure it exerts) and the greater will be
its accumulation in the suiface, and both these conditions
specially apply to some of the organic substances which
most lower surface tension.

Tne thermodynamic reasoning on which the proof
depends neither attempts nor requires any explanation of
the manner in which a substance lowers surface tension,

or of the force which draws it to the surface ; but it may
be suggested that such substances are necessarily those of
which the attraction for the molecules ot the solvent is

low, and which consequently are expelled from a region of

higher to one of lower internal pressure.

It has so far proved impossible quantitatively to test

Gibbss equation, but it has been shown by Zawidski
and others {Zeit. P/iys. Client., 1900, xxxv., 77) ihat froth
contains more of the tension-lowering substance than the
bulk of the liquid, and that globules of air rising through
a liquid carry with them a concentrated layer in their

ascent (Benson, Am. yoiirn. Phys. Client., 1903, vii., 532 ;

Milner, Phil. Mag., 1907, [VI ] , xiii., 96).
The conclusion may therefore be regarded as proved so

far as free liquid surfaces are concerned, but when we
have to deal with interfaces where the tension of one of

the substances is negative and the surlace density is in-

creased and not diminished, it is hard to see how the Gibbs
phenomenon can occur. Nevertheless it has been freely

used by advocates of adsorption theories, without a word
ot comment or defence, to explain adsorptions from liquids

by solid bodies such as charcoal.

Note.

The adsorption formula is— = a c -
, where -r is

m n
the weight of substance adsorbed ; m that of the adsorbing
substance ; c the volume-concentration of the solution
after adsorption ; a and n constants. As the adsorbing
substance is porous or finely-divided, and therefore of large

but indeterminate surface, .ir is a proportionate measure of

the surface employed, and — with some multiplying con-
ttt

slant represents the weight or thickness of the adsorbed
layer, a presumably represents this multiplying constant,
and, theoretically, should depend on the surface of the
adsorbent and not on the nature of the adsorbed body.
The exponent i/ii represents the rate of diminution ot the
adsorbing attraction as the film thi-kens or the attraction
becomes saturated. If the adsorption is a real reversible
equilibrium there must (or any given thickness ot film be
a definite solution-pressure corresponding to the con-
centration of the solution. This solution-pressure will

increase as the film gets thicker from the lessened attrac-

tion of the adsorbent, or the greater saturation of its

attraction. The formula is wholly empirical, and probably
never accurately represents the actual adsorplion-law, as
the logs, of experimental adsorption-curves rarely if ever
give exactly straight lines, but have usually a quite definite

curvature.



^"jIm^jo I^tr' f Measurement of Thickness 0/ Ftlm formed on Glass and Sand.

MEASUREMENT OF THE THICKNESS OF FILM
FORMED ON GLASS AND SAND.*

By EARL PETTIJOHN.

Introduction.

A LARGE amount of woik has been done up to the present

time on the formation of a film on the surface of glass or

silica, in which water has been used as the liquid to pro-

duce the film. Thus Ihmori (Wied. Ann., 1887, xxxi.,

1006), Parks [Phil. .Uii?., 1903 [6], v., 5r7), Bnggs
{yonrn. h-hys. Client., 1905, ix., 617), Katz {Proc. Acad.

Wetemchappen, 1915, p. 4+5)1 and Langmuir (yottrn. Am.
Chem. Soc, 1916, xxxviii., 2221) give values lor the thick-

ness of the film formed on glass, silicate, or quartz

surfaces.

There is a considerable difference in the values obtained

as might be expected, since the materials used differed

considerably in chemical composition and nature of sur-

face. A part of the material was in the form ct small grains

(sand and quartz), some being relatively coarse and some
extremely fine powder. The glass used was in the form

of thin sheets, in some cases curved (spherical), and in

others plane. Each of these factors would have an
influence on the thickness of film obtained, as would also

the temperature and vapiur pressure at which the film

was formed. Some typical results obtained for the film

thickness are given in the following table :
—

Table I.—Film Thickness Values.

No. Nature of material. Film thickness. iDvestigator

1. Glass globes 00000033 Ihmori

2. Cotton silicate (glass-wool) ooooor33 Parks

3. Sand (microscopic powder) 000000045 Bnggs
4. Quartz (very fine powder) o 0000013 Katz

Anorthite (as above) . . .. 00000062 Katz

5. Glass (incandescent lamp
globes 000000166 Langmuir

There are two theories regarding the formation of a film

on a solid. According to the first the force acting is

physical in its nature, and the intensity of its effect varies

inversely as some power of the distance between the two
molecules concerned. The force is similar to the force of

gravitation, but acts through the distance betwsen mole-

cules. According to this theory successive layers of mole-

cules may be built up on the surface of a solid to a thick-

ness such that the attractive force of the solid just equals

the tendency of the outer layer of the film to evaporate

The second theory assumes that a chemical reaction

takes place and that the water taken up becomes a part

of a more or less stable chemical compound. According

to this theory a variable amount of water cou d be taken

up by solids depending only on the capacity of the solid

to form a loose compound with it.

The second theory has usually been assumed to bold for^

the film of water forming on glass surfaces, free or loosely

combined alkali present in the glass, being the substance

with which the water reacts. Ihmori {loc. cit.) found that

keeping the glass in boiling water for some time decreased

the amount of water whi:h it would take up. He
believed that alkali was removed during this boiling, and

that the decrease in the amount of moisture taken up was
due to this fact.

It seemed worth while to check the values obtained

using glass and sand, having known surfaces, if possible.

Since no work has been done to determine the thickest

film which can form without free 1 quid appearing, a method
of doing this was worked out. This film was compared

with the film formed with olher liquids to see whether

there was any basis for the thery that a chemical com-

pound formed with water.

• From the Journal of the American Chemical Socittv, \h.,
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Materials.

Solids : Sand. — Ordinary river sand was used. It was
treated with cone, hydrochloric acid until no test for iron
was shown. The acid was then washed out with distilled

water and the sample dried in the air. Four samples were
obtained by sifting. The first sample contained all of the
sand which passed the lo-mesh screen but was retained
by the 20-mesb screen. The second, third, and fourth
samples consisted of the fractions from the original lot

retained by the 40 , 60-, and 80 mtsh screens respectively.
These are called 10-, 20-, 40-, and 6u-mcsh sands in thi

paper.

The grains in this lot of sand were far from spherica
no two diameters being the same. An approximation of

the surface was obtained by weighing a ccunted number of
grains (4000 to 5000), to get the average weight per Main,
and determining the specific gravity. On the assumption
that the grains were spherical the diameter and suiface of
a single grain could be calculated. It was realised when
these values were obtained that they were at best only
approximations.

Ottawa Sand.—A single sample of sand called in this
paper "Ottawa Sand," consisted of 1 ;11 rounded grains.
This sample gave values by the above mentioned method
which were very close to the true value for the diameter
and surface. It was considered to be of known surface.

Glass Pearls.—The glass pearls used we<e solid, round,
and of various sizes, as indicated in the table below. A
few, which were poorly formed, were removed from the
lot by rolling them down an inclined board. Those which
were not round could be easily picked out in this way.
The pearls were from two different sources, and apparently
of different kinds of glass. They differed considerably in

specific gravity.

The first lot was purchased at retail. The materia! was
sold under the name of " Glistening Dew " and was used
to decorate fancy cards, Two samples were obtained
from this lot by " elutriaiion." A quantity of the pearls
were placed in a lube and delivered from it at a slow rate
into a rising column of water. Under these conditions
by properly regulating the current the lighter ones were
carried up and the heavier ones sank to the bottom. These
samples are No. 9 and No. 10 in the tables.

The second lot consists of 5 samples, Nos. i, 3, 5, 7,
and 8. The individual pearls in each sample were of the
same diameter except for No. 7, which contained peatls of
two sizes. These samples were obtained from Germany,
and when received were coated with dye.

All of the samples were cleaned by boiling in cone,
nitric acid, washing free from acid, and air drying. The
diameter, surface, and volume of the pearls in each lot

were determined by the method used for the sand.

Liquids. —Distilled water and a series of organic liquids

were used to form the films.

Specific Gravity of Solids.—The specific gravity of the
sand and the pearl samples was determined by displace-
ment of water. A specific gravity bottle was weighed,
empty, full of water, and then with a known weight of
sample substituted for a part of the water. To avoid air

bubbles the weighed sample was run into water in a fine

stream. The bottle was then placed in a partial vacuum
and let stand for several hours before the final filling and
weighing was done.
Method of Determining Film Thickness.—In most of

the previous work done on determining film thickness the
film has been formed by subjecting the sample to the
vapours of water and establishing an equilibrium at the
contact surface. Usually the water vapour was at or near
its saturation point. As a check on the results obtained
in this way the method used in this paper was evolved,
which consists in getting an equilibrium of the film, by the
use of liquid water rather than vapour, and getting it with
the air saturated. This would give the maximum film

which could form, and at the same time would, by the
magnitude of the results obtained, indicate whether there
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was an cbsential difference between a film formed from the

vapour and one formed (rom the liquid.

Considering the sand and pearl samples already

described, the method involves the addition of small

amounts of liquid 10 them, thus gradually building up on

them a film of water. As successive layers of molecules

are added to this film a thickness Is finally reached at

which the >urlacc molecules act as normal molecules.

That is they evaporate, flow, exert surface tension, &c.

Any liquid beyond this amount would remain in the

liquid condition. It was only necessary to get a definite

test for the point at which these new properties exhibit

themselves.
Apparatus. — The first and simplest arrangement used

or this purpose consisted of a burette and an Erlenmeyer

Fig.

flask. The weighed sample of sand was placed in the flask

and liquid added from the burette a drop at a time, with

tbaroagh shaking between, until a final drop caused the

grains to slick to the flask. When this occurred water

was present as free liquid. This " sticking point" was

taken as the end point of the titration.

An ordinary burette soon proved unsatisfactory for de-

livering the liquid, especially so in cases where the liquid

was volatile. Delivering the liquid into an open flask also

introduced errors with these liquids. To avoid th«se losses

due to \ oUtility of the hquids, and to Kmit definitely the

volume of ail eatutaled during a titration, a weight

burette, Fig. i, was substituted for the ordinary burette

and the liquid was delivered into a closed flask.

Procedure.— In carrying out a single determination the

following procedure was used ;—200 grms. of the alt-dry

sample was weighed and transferred to the clean dry

Erlenmeyer flask. The flask was then closed by means
of the stopper carrying the weight burette. The liquid was
run in a drop at a time, the sand being thoroughly shaken
alter the addition of each cJrop. Towards the end of the

titration only fractions of a drop were added, these being

removed by tipping the flask to bring the pearls in contact

with ihe tip of the burette.

A final addition of liquid caused a large number of the

pearls to stick to the walls of the flask. The weight of

the liquid used gave the amount of liquid taken up when
a film of maximum thickness formed. Corrections were
made in the case ol volatile liquids for the amount of

liquid necessary to saturate the air In the flask under the

working conditions.

After a determination in which sand was used the sand

was air dried and then heated to strong redness in a large

platinum dish. Alter partial -ooling it was transferred to

a desiccator over phosphorus pentoxide, and kept for

future determinations. The pearl samples were not ignited.

They were boiled with strong nitric acid, to which some
hydrochloric acid was added and were air-dried after being

washed free from acid.

This procedure was followed for the purpose of deter-

mining whether a chemical reaction was involved In the

holding of the liquid. If the pearls wets air-dried there

would be much less tendency for an unstable chemical

compound to be broken down than if they were dried in

Viicuo. The Intention was to have the chemical com-
pound, if it formed at all, present at the time of titration,

and not formed during it. It seemed Improbable that any
chemical compound farmed by the methods used would
decompose on exposure to ordinary conditions of tempera-

ture and pressure.
(To be coDtJDued).

OFFICERS' GUIDE TO CIVIL CAREERS.

" OnitERs Guide to Civil Careers " is the latest book-

stall pamphlet in the series Issued by the Ministry of

Reconstruction.

Alter warnmg employers to beware lest through their

excess of caution about employing new men the best

brains of the country should be tempted abroad, the

pamphlet explains clearly to those seeking employment
that military pay is no criterion of civil life value, and that

a man must consider what his qualifications and abilities

for the career he proposes adopting really are, In order to

avoid setting an excessive and prohibitive value upon his

services.

While many oliicers on demobilisation will step straight

back to their work, it is obvious that the great majority

will need some form of assistance to enable them to make
a fair start in civil life. As suitable appointments cannot

at once be found for e\ eryone, and some may have to

wait for some time before their chance comes, prudence

in the disbursement of gratuity and savings Is very

advisable, and it Is strongly urged that they should be re-

garded, not as pocket money, but either 3s capital or as

an emergency fund to be drawn upon until regular work

Is obtained.

In addition, the Militaiy Service (Civil Liabilities)

scheme, which deals with cases of special hardship

arising from service in the Forces, is to be continued for a

limited period, and application for assistance may be

made under this scheme by any officer 01 men who, having

joined H.M. Forces after August 3, 1914, is unable to

meet certain financial obligations and Is so exposed to

I serious hardship, or who having previously bad a business
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of bis own wishes to lesume it, the mixinium irdividual i

grant being ,£'104,
|

The pampaict describes the part played by the Appoint-
ments Dapartment 111 helping to solve the Officer problem
and gives a complete lioi of the District Branches of the

Department. It gives details, too, 01 the scheme to pro-

vide State funds fot the higher education and practical

training of officers and men of educational promise.

The contemplated schemes comprise courses of higher

education in Universities Colleges, and other institutions,

practical training in offices, works, and pioiessional em-
ployments, and agricultural training at colleges or on
farms. The annual sum granted w.ll not, save in ex-

ceptional circumstances, exceed ;£'5o for fees and ^^175
for maintenance.
There ie also a certain limited number of appointments

under the State and Local Authorities which may be suit-

able fot ex-officets possessing special qualifications, and
t!ie main classes of such appointments and the various

methods of selection are indicated.

In a section entitled "An A. B.C. of Occupations" an

attempt on new lines is made to provide a brief account

of a large number ot professions and industries, indicating

the sort of qualifications required and as far as possible

the prospects offered. A section is also devoted to Over

seas openings. The pamphlet, in short, seeks to give an

ex-officer inlormation or to put him on the track of in-

formation on every matter that louches on the problems Oi

his re-settlement.

Referring te Chemistry it says :

—

"This is one of the sciences on which depend many of

our great manufacturing processes, such as the ' smelting '

or extraction of metals from their ores and their subse

quent refinement ; the production of gas from coal ; the

manufacture ol the acids; the vulcanisation of rubber;

the preparation of tans for the tanning of hides ; brewing ;

the fermentation industries and the manufacture of sugar,

jam, biscuits, cattle food, soap, margarine, explosives, and
artificial manures, to name but a few. There is thus a

highly important cheniical side to a large number of

industries, for each of which a special branch of chemical

technology is required. The case of dyeing is specially

significant. Before the war Germany had organised the

industry to a high state of perfection and exercised a

virtual monopoly. The attempt to reorganise the British

industry is supported by the Goverment, who have assisted

a company known as ' The British Dyestuffs Corporation,

Ltd.' It is estimated that it will take fully ten to fifteen

years to reach a position even approaching that of the

Germans, which was won by very hard work, by great

patience, by paying close attention to the wants of their

customers, and by spending large sums of money on re

search. For any branch ot chemical industry a study o(

the pure science is almost indispensable. Starting from

the matriculation standard, three years is normally required

to obtain a B.Sc. or similar degree or diploma in chemistry,

a knowledge of at least the elements of one or two other

iciences being required at the same time. The minimum
cost ol training and maintenance may be put at about
£300 a year, and the prospect is offered to any man of

ordinary ability of securing an appointment on completion

ol his studies worth ;£'20o to .£^300 a year to start with.

Many chemical students who have served in the Forces

seem reluctant to complete their interrupted training.

The Institute of Chemistry emphatically advises them
that their chances of success will depend largely on

adequate preparation."

The New Transport Company, Ltd., announce two

meetings at the Caxton Hall, Westminster, S.W. i. On
Monday. June 30, at 8.30 p.m., Mr. A. W. Gattie will

give an Address on his " System of Cheap Transport."

On Monday, July 7, at S.30 p.m., Mr. Roy Horniman will

speak en the "Transport Bill and Housing Bill."

BOARD OF TRADE ANNOUNCEMENT.

Opening Credits on Behalf of Enemies.

The Board of Trade hjve issed a General Licence under
the Trading with the Enemy Proclamations authorising
persons in the United Kingdom to open credits on behalf
of persons or bodies ot persons in enemy countries for the
purpose of financing transactions that have been
authorised under the trading with the Enemy legislation
in the United Kingdom or any other part of His Majesty's
Dominions, and transactions between persons residing or
carrying on business outside His Majesty's Dominions
which have been authorised by the Allied and Associated
Governments or any of them.

PHOCIiEDINGS OF SOCIETIES.

SOCIETY OF PUBLIC ANALYSTS AND
OTHER ANALYTICAL CHEMISTS.

Oyiiinary Meeting, June 4, lyig.

Dr. S.\MUEL RiDEAL, President, in the Chair.

Cekthicates were read for the first time in favour of

Capt. John Dalion and Mr. William Norman Leng.
Certificates were read for the second time in favour of

Mr. Andrew More, F.I.C., John Haworth, F.I.C., and
Henry Turner Lee, M.Sc, A.I.C.
The following were elected members of the Society :

—

Messrs. Charles Frederick Lee Barber, A.I.C, George
Stanley Withers Marlow, B.Sc, F.I.C., and Frederick
William Read.

The following papers were read :

—

" Examination of Commercial Saiii/iles oj Nicotine."
By Percival J. Fryer, F.I.C.
The author gives a review of the existing methods for

ehe estimation of nicotine, followed by special remarks
upon the refractive index as a means of estimating the
amount of water present in nicotine solutions, whether the
nicotine exists free or as oxalate or sulphate. The
question of other possible and likely adulterants is also
considered and briefly discussed.

"Mexican Insects in Poultry Food (Notonecta, Corixa,
and Mexican Cantharides)." By T. E. Wallis, B.Sc.
(Lond.), F.I.C.

Certain poultry spices and foods contain insects either
whole or powdered ; these have been identified as con-
sisting mainly of species of Notonecta and Corixa coming
from Mexico. These insects form a regular article of

commerce, and have also been sold under the name of
" Mexican Cantharides."

Photographs, drawings, and descriptions of the insects

are given, which will enable the analyst to identify them
whole or broken.

"A Rapid Method for Determining Nickel and Cobalt
in Ores and Alloys." (Part III.). By W. R. Schoeller,
Ph.D., and A. R. Powell.

In this, the last paper of the seriea, the estimation of

nickel and cobalt in various alloys is described. They
are precipitated by adding solid potassium iodide to a

strongly ainmoniacal tartrate solution. Manganese is

estimated colorimetrically in the cobalt precipitate if in

small quantities. If there is much manganese it must be
eliminated by precipitating the nickel and cobalt as sul-

phides or xantbates.

" Note on the Oil of Ceratotheca sesamoides." By E.
Richards Bolton, F.I.C.

Ceratotheca sesamoides, which grows on the Gold Coa&t,
is closely allied to Sesaoium indiMim. The seeds are very

similar, and so are the oils ; in fact, all the analytical re-
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bulls which ate given in the paper, with the exception of

the Biudouin reaction, which iii negative tot Ceratothtca

scsamoides. might be given by sesame oil. The oil would

be usctui as ediole products.

" An Improved Method for the Estimation of Nitrates in

Water by meani of tie Phenolsulphonic Acid Reaction."

By Robert C. Frederick.
Nitiates asfociatcd with chlorides up to too parts

chlorin'i per 100,000 can be very accurately estimated by

using a phen Isuipnonicsulphuric acid inixtute made as

desciibed. The colour produced by the nitrates, which is

very pure, is com[>ared with that produced by a standard

ammonia solution.

"Estimation of Morphine in Indian Opium." By
JiTENDRA Nath Rakshit and Frank J. D'Costa.

Tnc autftofs compaic results obtained by tne lime and

polarimctric me. hods of esiimati.ig morphine in opium,

and as a result of their experiments tney are of opinion

that the polarimettic method offers certain advantages.

GEOLOGICAL SOCIETY.

Ordinary Meeting, May 21, 1919.

Mr. G. W. Lamplvgh, F.R S., President, in the Chair.

The following communications were read :
—

" The Silurian Rocks of May Hill." By Charles

Irving Gardiner, M.A., F.G.S.

Tne disirici of May H.ll comprises a small area of ashy

grits, which Dr. Callaway in 1900 considered to be ot Pre-

Cambiian age. The evidence now available does not

seem to warrant any definite opinion as regards the age ot

these beds. Llandovery sandstones are extensively

developed, and ate of Upper Llandovery age. They

consist of a lower division of coarse sandstones and

conglomerates.

'• The Petrography of the Millstone Grit Series of

Yorkshire." By Albert Gilugan, D.Sc, BSc. F.G.S.

Since the pioneer work of Sjrby on this subject, pub-

lished in 1859, the clastic deposits of th« carboniferous

system have been unaccountably neglected by petrologists.

The author has followed the usual methods of investiga-

tion, and has collected a large number tf pebbles and

specimens from widely-separated areas which have been

exami ed microscopically. Numerous separations ol the

heavy minerals have also been made Irom all types of

rock, varying from coarse conglomerates to shales, which

occur in the eeties.

Quartz-pebbles are dominant, and vary much both in

size and in colour. The largest are found in the coarse-

grained beds at the bottom and top of the series. They

often show double-sphenoid forms suggestive of deriva-

tion from mechanically-deformed rocks, which inference

is shown to be correct by the undulose extinction, the

crenulate and mylonised structure seen when sections of

them ate examined in polarised light.

Blue and opalescent quartz is very common, containing

inclusions often of indeterminable character arranged in

streams or tows ; others contain liquid with movable

bubbles, while needles and hair-like inclusions are also

usually present. The quartz ol the finer material is

similar in character, and the inclusions in the grains sug-

gest that it has been originally derived for the greater part

from such rocks as gneisses and schists.

Felspar-pebbles are abundant in all the coarse beds.

They are dominantly mictocline or microclinemicro-

perthite, and, when broken, are found to be perfectly

fresh, the lustre of the cleavage-faces being most remark-

able. Blebs of qu;>rtz are frequently presint in these

felspars. In many of the rock-sections grains of micro-

dine and oligoclase, quite fresh and unaltered, are

common. Fragments showing the intergrowih of blue or

opalescent quartz and mictocline ate faitly abundant.

NUllCEb UF bOUKS.

Mnemonic Notation for Engineering Formula. With
Ex,ilanatory Notes by G. Fiander Etchells. London :

E and F. N. S.ion, Lid. New Yjik: Spon and
Chamberlain. igtS. Pp. 116. Price 6s. net.

This book contains the Report of the Science Committee
ol toe Concrete Institute, with many appendices and mis-

cellaneous articles dealing with the use of mnemonic
f jrinulx, with special reference to structural engineering.

The general principles governing the selection of symbols
are carefully explai'ied, and many suggestions are made
which should ceitamly tend to prevent chaos and con-

fusion in the use of symbols. Tne author aims above all

at following the obvious dictates ol common sense, and
in all his suggestions has kept specially in view the con-

venience of toe reader ; there is undoubtedly much truth

in his criticisms ot the irrelevance and even misleading

nature of some symbols now employed, such as, tot

example, the use of Z for modulus, which he regards as

just as logical a proceeding as suggesting the use ot M.P.
for Gcorgius Rex. Taeie is possibly an unnecessary
amount ol repetition in the bjok, but the author is very

anxious to emphasise his points and to make his meaning
unmistakably clear, and his main arguments are un-

doubtedly sound and his points of view entirely sensible.

The Production and Treatment of Vegetable Oils. By
T. \V. Chalmers, B Sj., A M.I.M..ch E. London:
Constable and Co., Ltd. igi8. Pp. xi-fi52. Price

21S. net.

This book on the vegetable oil industries has been written

mainly from the engineer's poiut of view, and the

chemistry of the subject is discussed in outline only. The
vegetable oil industry is rapidly developing in this country,

having made remarkable strides during the last four years,

and this book will certainly be welcomed by engineers and
others who are finding employment arising out of its

development. Although we ate not yet entirely inde-

pendent of foreign countries for manufactured products

we are progressing favourably in that direction, and British-

made margarine, lor example, is now competing very suc-

cessfully with the foreign product. The book provides

very full and well illustraterl accounts ol the preparatory

machinery employed in the treatment of nuts and seeds

before thev are taken to the oil mill proper, and oil pro-

cesses of different types are described, as well as methods
of extraction by chemical solvents. The advantages and
disadvantages of the latter process are fully discussed,

and special care is taken to refute the objections wh'ch
have been raised against it and to emphasise its possible

advantages. The refining of oils is treated shortly, very

few accurate details of the processes employed being
known outside the actual works where they are carried

out. The commercial preparation of hydrogen is fully

discussed in the chapter on the hardening ot oils, and
there is much new material in this partot the book. Short
discussions of soap manulacture and the recovery of

glycerin occupy the last chapers of a book which is a

valuable conttibution to technical literature.

The Manufacture of Aluminium. By J. T. Pattison,
F.C.S. London: E. and F. N. Spon, Ltd. New
York: Spon and Chamberlain. 1918 Pp. viii-fi04.

Price 7s. 6d. net.

There appears to be every likelihood of alumnium find-

ing extensive application in the future, and as improved
and cheapened methods of production are Wirke out and
the price of the metal falls there can be no doubt that it

will be used very much more universally than it is at

present. The author of this book has bad exceptional

opportunity ol making himself acquainted with modern
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metbods of preparing the metal, and the results of his

experience will he exceedingly usetui to chemists in similar

positions who have still to acquire bis knowledge and
skill. He gives an interesting account ot the evolution

of modern processes from the time of Davy's earliest

achievement in decomposing alumina to the Herouh and
Hall processes, bv which almost the whole of the world's

output of the metal is now obtained. Precise details ate

given of the extraction of the metal by these methods, and
the properties and preparation of the most important

alloys are lullv described, a very useful table showing the

composition and uses of all the common alloys containing

aluminium being included. About half the book is devoted

to detailed accounts of methods of analysis employed in

the study ot the raw material of the aluminium industry

and the commercial metal and its alloys. Those metbodo
which in the author's experience have proved most satis-

factory as regards quickness and accuracy, are described

in full, and there should be no difficulty in successfully

carrying out the tests and estimations, ot which complete

details are given.

Boiler Feed Water.
Boiler Feeding
F I C. London ;

A Concise Handbook of Water for

Purposes. By Percy G. Jackson,
Charles Grif)in and Co., Ltd. igiQ-

Pp. ix + g7. Price 45. 6d. net.

In the above modest little handbook the author sets out the

results of his experiences as chemist to a Boiler Insur-

ance Company; the material is therefore of a thoroughly

practical character. In an introductory chapter the most
common difficulties that are met with in the case of boiler

plants are clearly explained, and the work begins with a

summary of the mineral constituents of feed water and

its more frequent contamination. Corrosion, a most

serious danger in boilers, is discussed exhaustively, and
this is followed by a chapter on Softening—Analysis of

Water and of Boiler Scale. Ocher practical details are

given, and the book concludes with an appendix of

factors and other useful data. There is a good index, and

the author is to be congratulated in having condensed a

very large amount of sound practical information into a

small bulk.

Reports of the Progress of Applied Chemistry used by the

Society of Chemical Industry. Vol. III. igi8. Society

of Chemical Industry, Central House, 46-47, Finsbury

Square, E.C. 2.

This volume contains the reports on Agricultural Chemistry

and Foods from the literature of the past three or four

years, together with much other useful information.

There are twenty-two important articles on various

ubjects by specialists in the particular industries, ail of

which are good. It is not possible here to refer to

each, but Glais Refractories, by W. J. Rees, F.I.C.,

Metallurgy ot Iron and Steel, by C. O. Bannister, F.I.C.,

and the Metallurgy of the Non-ferrous Metals, by G.

Patcbin, A R.S.M., are of very great value at the present

moment when so much development is taking place in

hese industries. Reports on Ceramics, Building Materials,

and Fermentation are promised for the next volume,

which will be awaited with interest.

NOTES.

Metric System in Belgium.—The local Syndical

Chamber for machine tools, inoustriil products, &c., of

L ege is complaining of the diffi.;ulties caused by the

almost universal British habit of quoting for goods in other

than metric measures. The honorary Biitisb Vice-Consul

at Liege is repeatedly having his attention drawn to the

same subject, and he points out that if United Kingdom

firms wish to develop their trade in Belgium quotations

under the metric system are essential.

m_
At the Annual General Meeting of the Institution of

Gas Engineers, held recently at the Institution of Civil
Engineers, some remarks by Prof. Snithells on the appli-
cation of Science to Industry are of such wide import-
ance that we take the liberty of reproducing tbem.
Referring to Scientific Ptinciples and Practical Problems
he said :

—"The particular question with which I am con-
cerned is how we shall provide the knowledge of scientific

principles and their application to practical problems. It

is here that I and my tribe come into relationship with the
industrial world

; and it is here we ate apt to come into
conflict. On the one hand, we have the practical man
impressed with a knowledge of the realities of industry,
of the immense importance of the factor of experience, of
the value of native talent and sagacity—what you may
almost call moral qualities—of the luiility of certain kinds
of learning, and ot the dangers of the eager theorist. You
have this practical man bent on getting what he regards
as necessary from science on the strictest tetme of
economy in time, and with the least possible intetlerence
with what he looks upon as the real business of learning
one's trade. We, on the other hand, stand with our
knowledge of science, with our experience of its power of
furnishing humanity with new resourcv ., with our desire
that it shall shed its full light into every corner, and with
the record before us of what it has achieved for industry.
We are in danger, not I think of over-estimating what it

has to ofier, but of under estimating how much there is

besides science which is indispensable for success in

industrial callings, and our tendency is, perhaps, to under-
value education which is inherent in the prosecution of the
practical calling itself. Every industry, and the gas in-

dustry among the number, can no doubt show examples of
men who have by self teaching equipped themselves with
a remarkable knowledge and grasp of scientific principles.

Such examples are very impressive ; but I believe they
have their disadvantage in tending to elevate into a pre-
scription for all what is possible only to the very few. I

think it is no exaggeration to say that at the present time
you may see abundant examples in British industry of the
insufficiency oJ self-education in science—cases where a
knowledge of science and the power of using it have to

some extent been acquired, but where want of the firm
ground of a knowledge of basic principles is very apt to

lead men astray." His remarks upon the Need of

Scientific Masters were as follows :
—" I think is will be

generally agreed that the science teacher must come in to

give bis aid. And, of course, he has come in. But we
must go further. I think the time has come when the gas
engineer must recognise that the modern conditions of
his industry demand a very much more extensive and
thorough scientific training than has hitherto been custo-

mary. It is not right that I should prophesy who are

going to be the highest powers for good in advancing the

gas industry—the man of affairs, the manager, the en-
gineer, or the chemist. But I think that no one can do ibt

that the industry does need, and will need more and more,
an accession to us ranks of men who are really scientific

masters of their profession. The science that ministers

to your calling is not less comprehensive than that required

for any other branch of engineering. The mechanical,
civil, and electrical engineers feed their profession with a
constant stream of recruits who have had a three or fout

years' course at a University ; and I feel certain that gas en-

gineers should come into line. This will no doubt seem a
large demand ; but I am satisfied that nothing less will

suf^ce. The view that all essential knowledge of science

for the gas engineer is to be obtained in spare hours of the
working day by study, by attendance at evening classes,

or by short intensive courses, cannot be entertained. I

have no desire to belittle such forms of education. They
may be made good and useful so far as they go ; but they
cannot possibly provide all that is needed. I would most
earnsi-tly entreat the members of the industry not to be

beguiled by half-measures, but to make bold educational

investme.its. I do not look for a sudden change of
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attitude, nor do I expect to exercise much influence on a

great many individuals. I do not foresee a rush to the

Universities ; but 1 do sincerely hope that those who have

the faith and courage will make a beginning upon a real

professional education conformable to the needs of the

industry and the present state of scientific knowledge."

Canadian Naiionai. Exhibition at Toronto.— In-

formation has been received from His Majesty's Trade

Commissioner at Toronto (Mr. Field) to the efi'sct that

it is proposed to obtain space at the Canadian National

Exhibition, to be held at Toronto during the last week of

August and the first week of September next, for a Bureau

of Information in connection with the Trade Commissioner

Service in Canada. Mr. Field has expressed a desire to

display the catalogues and other trade publications of

United Kingdom firms at the Bureau in question, and it is

suggested that catalogues, &c., of the following lines

would be useful for the purpose :—Textile machinery
;

crockery, glass, &c. ; industrial machinery, including pulp

and paper machinery, and supplies; electrical machinery,

appliances, and equipment ; shipbuilding machinery and

supplies; mining machinery and supplies ; heavy machine

tools; electrical railway equipment; motor vehicles;

chemical plant, &c. ; scientific instruments ; sugar

machinery. Manufacturers and others who wish to avail

themselves of this opportunity of having their catalogues

brought to the notice of Canadian firms at the Exhibition

should communicate with Mr. Field drect, enclosing

copies of their catalogues and other trade publicatioiis for

display at the Bureau at the abjvenienlioned Exhibition.

The catalogues, &c., should be received by Mr. Field—
whose address is 257-260, Confederation Life Buildings,

Toronto—not later than August 15 next.

DiAMOND.s were discovered in Brazil in the year 1728,

and since that time until the present intermittent supplies

of Brazilian diamonds have been secnred, chiefly from

river washings. It has recently been reported that the

source of these stones has been traced to " pipes" similar

in character to the well known Alrican deposits; one pipe

is reported to be several square miles in extent ! A
cor"pany has been formed to work the property, and the

Esults will be looked forward to with interest.

The export of ziiconia from Brazil to the United

States, Great Britain, and Japan has grown very consider-

ably ; the figures for 1918 show an export of 2,141,182

kilos.

Casein Waterproof Glue.—(H. A. Gardner, Aircraft

Technical Note'No. 46, Navy Department, U S.A., Bureai;

of Construction and Repair).—The Forest Service has

recently completed some very ex ensive tests with casei..

glue. These tests have demonstrated that there are now
available, commercially at least, three brands which are

•II furnished by the makers in the form of dry compounds

to be mixed with water. These glues are to be considered

waterproof in the sense that they are not dissolved out or

injured by water. Permanently prolonged soaking causes

such glues to soften and become weak, but upon subse-

quent redrying they regain their former strength. The

principal difficulty with these glues is in their rapidity of

setting after being mixed with water
;
from two to five

hours is the longest period of fluidity. Experimental

batches of casein glue, to which certain materials have

been added to delay the set, have, however, remained

fluid and workable for periods as long as forty-eight hours.

Attempts have been made to determine what percentage

of bad joints would occur in using casein glue. Every

one of about 200 specimens made by ordinary mechanics

was found satisfactory. It is believed that, if the instruc-

tions ol the manufacturers are followed, casein glue is a

safer material for aircraft construction than hide glue. It

appears, therefore, for strength members in aeroplanes,

that these glues should be used in place of hide glue.—

jniirn. Franklin Institute, May, 1919.
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A ssi.stunt Assayer (aged 23 to 27) requiied at
^ * once. Experience in .\ssayipg Gold and Silver wEsciitial.

Permanency
;
good prospects. State age, experience, sad salary re-

quired.—Address, ",\ 23," Chemical Nkws Office, 16, Newcastle
Street, Farringdon Street, London, E.C.4.

t ^hemist, three years' experience in large Tar
—^ Products Works before taking active service, now demoliilised,

desires Employment in London or the Provinces. - Address, T. T
,

t_HEMlc.AL News Office, 16, .Newcastle Street, Farringdou Street,

London, B.C. 4.

^hemist wanted for Cotton Dyeing and Mer-
cerising es ablishment in Scotlana. State experience, age, and

salary expected.—Address, C. D., Chemical NfcWS OiTlce, 16, New
ca-.tlc Street, Farringdon Street, London, E.C.4.

Wanted in a London Laboralory, a Junior
Chemical .Vssistant. Give particulars cf training and sal try

required.— AdtJress, "A.," Chkmical Nkws OiSce, 16, Newcastle
Street, Farringdon Street, London, E.C. 4.

c

Youth ( 17), good knowledge of Chemistry,
seeks Employment in Laboratory. —Address, A. H., !, Phccnix

Lodge Mansions, Hammersmith, \V.

V^oung man (31), with good knowledge of
-^ Chemistry and Engineering practice, desires Situation at living

wage with Chemical Engineering firm, or Assistdniship in Works
Laboratory of progressive firm which appreciates iuielliijeni and
willing service.— Address, Sharpe, 7, Toll Road, K ncardine on-Eorth

BIRKBECK COLLEGE, LONDON.

ASSISTANT LECTURER IN CHEMISTRY.

The Governing Body invite applications for
the above appointment. Commencing salary 1^220 to £250

(according 10 expe.-iencc and qualifications), witli rcgi;lar increments.
— .\pplications to The SrcRETARV, B:rkbeck College, E.C. 4, from
whom further particulars may be obtained.

UNIVERSITY OF ABERDEEN.
CHAIR OF CHKMISTRY.

yhe CHAIR OF CHEMISTRY, in tiie
^ patronage of the University Court, becomes vacant by the

resignation of Professor SoDi>v on September 30th nezt. The salary

is £900 per annum.
Applications for the office, together with 16 copies of testimonials,

fhould be lodged with the Skckktarv of the University on or before

Jui.v 5 h.

STAFFORDSHIRE EDUCATION COMMITTEE
BRIERLEY HILL HIGHER EDUCATION COMMITTEE

AP&' ications are invited for the Post of HEAD
MASTER of the Technical School, Brierley Hill, South

Staffordshire
Experience in Teaching and acquaintance with the Iron and Steel

Trades, or uith the Cbemistry of Refractory Materials, desirable.

Initial salary £'300 a year.

I-urthcr particulars and forms of application may be obtain«d from
the undersigned. Applications must be received not later than Ji'Ne
30, 1919.

GRAHAM BALFOUR.
County Education OfBces, Director of Education

Stafford, June, 1919.

Tf in good condition, Sixpence per copy will b«

paid for any of the undermentioned numbers of the CHJftUICAL

NEWS tvhich may b» forwarded to this oiEce :

—

30'2, DicemberClh, igiS.

3066, Jaauar> 17th, '919

306S, January 31st, igig.

3069, February 7tfa, 1919.

3070, February 14th, 1919.

3075, March 21st, 1919.

lO Nkwoasti.e Strket, Farringuon Street, London, E.C. 4
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THE CHEMICAL NEWS
Vol. CXVIII., No. 3089.

THE ALLOTROPY OF CARBON.

By MAURICE COPISAROW.

The application of the theory oJ allotropy (see Chemical
News, cxviii., 265) propounded in genera! terms for all

the elements, to a single characteristic case—the element
carbon necessitates our dealing with the valency of the

carbon atom and the complexity and varieties of the
carbon molecules.

In the light of the chemistry of carbon compounds the

carbon atom can be regarded as potentially always tetra-

valent, as carbon monoxide, carbon compounds con-
taining double or triple bonds, the triphenyl methyl series,

and the poly-methylene group in no way undermines the
conception of such potential tetravalency.

The polyatomicity of a carbon molecule is proved by

—

1. The existence of several forms of carbon, chemically
and physically distinct from one another.

2. The high v latilisation-point of carbon.

3. The general theory of the solid state.

4. Products of moist oxidation.

5. Combustion of carbon (Rhead and Wheeler, Trans.,

1910, xcvii., 2181 ; 1911, xclx., 1140; 1913, ciii.,

461).

6. The X-ray spectro-metric study of the modificaiions of

carbon (Dcbye and Scherrer, PItys. Zeit., 1916,
xvii., 277 ; 1917, xvii'.., 291 ; O.ie and Byl, Proc.
K. Akad. Weteus. Amsterdam., 1917, xix., 9201.

Not only has the polyatomicity of carbon molecules
been assumed, though more or less tacitly, but attempts
have also been made to study the complexity of the mole-
cules and to establish the constitutional molecular formula
of one or more of the forms of carbon.

Kckule (Zeit Angew. Chem., 1899, p. 950) regards a
molecule of amorphous carbon as consisting of 12 atoms.
Barlow and Pope {Traiif., igo6, Ixxxx., 1742) suggested

the possibility of .< tetrahedron and inphenylene configura-
tion for a carbon molecule (see Figs. i. and 40).
Dewar (Chemical News, igo8, xcvii., 16) proposed a

concentric ring formula, somewhat modified by Redgrnve
and Tomlinson (Chemical News, igo8, xcviii., 37).
Dewar based bis view on the moist oxidation of amorphous
carbon to meliitic acid

—

COOH

COOH—

COOH— \/

-COOH

COOH

COOH

Aschan (Chem. Zeit., 1909, xxxiii.,. 561), criticising

Dewar's suggestion, put forward a formula, which can be
regarded as an extension of the triphenylene representation
by Bsrlow and Pope {loc. cit.)—

/\/\/\/\

Dimroth and Kerkovius (!«»., 1913, cccxcix., 120)
conclude from their study of the oxidation of carbon the
carbon molecule to consist of pentagons as well as
hexagons.
Bragg (Proc. Roy. Soc, 1913, A, 610), studying the

crystallme structure of diamond by means of the X-ray
spectrometer, advanced a three-dimensional configuration
tor the structure of the diamond (see Fig. 2).

(In connection with the X ray spectromctric method of
investigation of ciystalline structures attention may be
drawn to the work of Moseley

—

Phil. Mag., 1913, VI.,
xxvi., 1024 ; 1914, VI., xxvii., 703 ; Barlow

—

Proc. Roy.
Soc, 1914, A, 623 ; and Ev/z\d—Phys. Zeit., 1914, xv.,

309).
Hans Meyer (h'oiials., 1914, xxxv., 163), discussing the

carbjn "molecule," puts stress upon the difficulty, if net
futility, of trying to define the chemical entity of the three
forms of carbon.
Debye and Scherrer (loc. cit.) conclude from the Laue-

graphs of their modified X ray spectrometric method of
study, that diamond and graphite are the only two distinct
forms of carbon, amorphous carbon being apparently
simply finely divided graphite. They assign a tetragonal
configuration to diamond and a trigonal to graphite. It

is clear from the above that a method of investigation so
general as to be applicable to all forms of caibon has not
yet been proposed.

Whilst the method of moist oxidation can be applied
more or less successfully to amorphous carbon and to
some extent to graphite, the X-ray method is confined to
diamond with a somewhat strained extension to graphite.
Now, if v/e consider the problem from the point of view

of Imkages, i.e., of molecular structure in the light of the
the.Try of allotropy, we secure a general method of investi-
gation, embracing all forms of carbon, a method capable
of extensive experimental verification on the basis of all

the known chemical and physical properties. Investi-
gating all possible representations of the structure of a
carbon molecule we find that these possibilities resolve
themselves into three fundamentally distinct classes or
groups.

I. A non-rigid molecular configuration, some valencies
of which are/^ee

—

—c—
1

C—C—

;

1 1

\
C- y—C .

C—
/\—c-

c-—

u

/ \
(See also Fig. i).

II. A rigid molecular configuration, some valencies of
which are free (see Fig. 3).

III. A rigid molecular configuration, all valencies of
which are fixed (see Figs. 4(1, 46, and 2).

Thus on theoretical grounds we expect to find in the
case of carbon not more than three distinct allotropic
forms, a conclusion in striking agreement with facts ; i.e.,

the existence of three forms of carbon—amorphous carbon,
graphite, and diamond.
The several new modifications (graphitoid, &c.) of

carbon suggested by Brodie, Berthelot, Luzi, and others
have been proved to be either compounds or solutions and
mixtures of carbon with some other elements.

(See Porcher, Chemical News, 1881, xllv., 203. Bartoli
and Papasogli, Gazz., 1882, xii., 113; 1883, xiii., 37;
1885, XV., 445. Molssan, Comptes Rendus, 1893, cxvi.,

609; 1894, cxix., 976 ; 1895, cxx., :y ; cxxl., 540; Ann.
Chim. Phys., 1896, VII., viii., 289, 306, 466. VViesner,
Monats., 1892, xiii., 371. Weinschenk, Zeit. Kryst. Min.,
1897, xxviii., 291. Hvde, yourn. Soc. Chem. Ind., 1904,
xxiii,, 300. Trener, Jahresb. Geotog. Reichs. Wien., 1906,
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405; Zeit. Kryst. Mill., 1909, xlvi., 124; Charpy, Comfiles

kt'idus, 1907, cxlv., 1 173; 1909. cxivili., gao. Le
Chiteliec and Wologdine, Comptes Rendns, 1908, cxlvi.,

»9'-

Debye and Schercer's {loc. cit.) unification of amorphous
carbon with graphite is untenable as it is in complete dis-

agreement with all the chemical and physical properties of

these two forms. No matter bow finely divided the

graphite may be (Acheson's or "colloidal " graphite) its

behaviour to^vards moist oxidants, its products of oxida-

tion, mode of combustion, and physical properties all

greatly differ from those of amorphous carbon.

KobUchatter's (/Ceit. Anorg. Chem., 1919, cv., 35, 121)

efl-iti to prove amorphous carbon and graphite to be
physical forms of "black carbon," thus agreeing with

Dcbye and Snerret's {loc. cil.) conclusion, appears to be
decidedly strained, ignoring as it dees the more distinct

chemical and physical diflerences of these two forms of

carbon, the conditions of transition and the possibility of

the " intermediary stages " being simply mixtures of

graphite with amorphous carbon.

H. Meyer {loc. cit.) and H.Meyer and Steiner {Moiials.,

1914, xxxv., 475), recording the dependence of the yield of

mrlliiic acid from charcoal upon the latter's source and
temperature of carbonisation, express some doubt as to

the entity of the carbon " molecule " and the clo.^e con-

n ction of its constitution with the product of oxidation.

But we must remember that deductions depend often

more upon the character of interpretation of certain

exjetiments than the experimental evidence itself. The
yield of mellitic acid does vary with the source of the char-

coal employed and the temperature, pressure, and dura-

t'On of carbonisation, but the formation of the mellitic

acid cannot be attributed to the presence of complex
hydrocarbons, possibly retained by the charcoal carbonised
at a comparatively low temperature, as a quantitative

determination of the percentage of hydrogen, oxygen, and
H'trogen invariably accompanying this kind of charcoal

gives not more than i per cent of these gases, whilst the

yield of mellitic acid reaches as high a value as 40 per

cent. The dark residue " mellogen " (Bartoli and
Papasogli, loc. cit. ; Dickson and Eastetfield, Proc. Client.

Soc. 1898, 163). remaining after the first oxidation, gives

on exhaustive cxidation again mellitic acid and also some
oxalic acid.

To attribute the vaiying yield of mellitic acid to the

existence of several modifications of amorphous carbon,

as some investigators are inclined to do, is quite unwar-
tinted as such an explanation of the somewhat varying
quality and properties of charcoal would necessitate the

assumption of a whole series of modifications of amorphous
carbon, corresponding to every source of charcoal and
practically to every 20—50°oftemperatureof carbonisation.

The causes ot the dissimilar behaviour of various samples
of charcoal are probably much simpler and nearer at

hand. Such causes may be :

—

t. A high temperature of carbonisation, which, reducing
the porosity of the resulting amorphous carbon or

charcoal, increases in consequence its resistance to

oxidation.

2. A high temperature of carbonisation facilitates the

conversion of amorphous carbon into graphite, so

that we may deal with charcoal containing a high
ptrcentage of finely divided graphite (Arsem, Trans.
Am. Electrochem. Soc, igii, xx., 105).

3. A high percentage of mineral matter contaminating
charcoal may affect its properties in more than one
way. Thus we find that there are three distinct

allotropes of carbon corresponding to the three,

theoretically possible, fundamentally different

configurations.

The following considerations may serve as a pioneer
attempt to assign to each modification its constitutional

formula.

Tbe calorimettic measurements of the beat of complete

combustion of carbon per grm.-atom give the following
numbers (Berthelot and Petit, Ann. Chim., 1889, VI.,
xviii., 89, 98) :

—

Cals.

Amorphous carbon . . . . 97650
Graphite 94810
Diamond 943to

These figures indicate the sum total of the energy
liberated during the formation and degradation ot the
possible complexes (Rnead and Wheeler, loc. cit.) plus
that of the oxidation of the carbon monoxide to carbon
dioxide.

(It must be noted that the calorimetric measurements of
the heat of combustion of the modifications of carbon
differ considerably with every experimenter. Compare
data of Favre and Silberman, Ann. Chim., 1852, III.,
XXXV., 357 ; Berthelot and Petit, loc. cit., ; M.xter, Am.
yuurn. 6ci., 1905, IV.,xix., 440; and Roth and Wallasch,
Ber., 1913, xlvi., 89b).

Taking equal weights of amorphous carbon, graphite,
and diamond, and subjecting them to complete combus-
tion, we find that the amount of heat evolved is difl'erent
for each form of carbon, although the number of atom?
taken and the number of CO2 molecules formed is

identical.

Looking for the cause of this dissimilarity of thermic
values we are driven to attribute it to the different stability
of the molecules in the three cases, which must depend
upon the mode of linkage of the units constituting the
molecule as well as the complexity of the molecule itself.

Returning to our classification of theoretically possible
configurations we expect that the least stability will be
exhibited by molecules whose units have the power of
free rotation, or, in other words, which have free valencies

;

the maximum stability will be found in the molecule all

the constituent units of which are in a state of rigidity and
all valencies fixed ; the intermediate case being a mole-
cule having some valencies free, but a rigid structure.
Now, considtring the fact that the greater the stability the
smaller will be the evolution of heat on complete combus-
tion (compare the case of phosphorus), and correlating
this with the calorimetric measurements quoted above, we
find that

—

Amorphous carbon is represented by Class I., where
none oj the atoms are rigid.

Graphite, Class II., the atoms are rigid but some
valencies free.

Diamond, Class III., all atoms are rigid and all

valencies fixed.

These deductions find strong support in the character of
the products of the moist oxidation of carbon.
The molecule of amorphous carbon with none of its

units rigidly fixed, as might be expected, is the least re-
sisting to oxidants and yields mellitic acid. Graphite with
its partially fixed units gives rise to graphitic oxide or acid,
an add more complex than mellitic. The rigidly fixed units
of diamond are practically unaffected under the same con-
ditions of oxidation. (V. 'M.tytt-Ber., 1871, iv., 801;
Ann., 1875, clxxx, 175. Schu'lze—jB«y., 1871, iv., 802,
806. Standenmaier— Ber., 1898, xxxi., 1481 ; 1899, xxxii.,

1394, 2824. Dickson and Easterfield-/oc. cit. Meyer
and Steiner

—

Ice. cit.).

It would appear to be very probable, on the basis of the
theory of the constitution of the three types of carbon
advanced above, that the values of any selected physical
property should show a regular gradation from amorphous
carbon to the diamond, the value for graphite lying
between the values for the two other forms. If we find
that such a gradation appears when a number of physical
properties are taken, we can say that this behaviour is

consistent with the hypothesis on which the present dis-
cussion is based, and it may therefore in this sense be
regarded as affording evidence confirming the hypothesis.
Below are collected the values for a number of physical

constants, which have been determined for all three forms
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Fig. 3.

Fig. 4 a.

Fig. 2.

Fig. 4 h.

of carbon. The numbers are taken from LandoU
Bornstein, " Tabellen," 4th edition, 1912.

I. DeiiHty.

Diamond 3'5i

Graphite 210-2-32

Amorphous carbon

—

Gas coke i'885

Cocoanut-charcoal 1-67— 1-860

Lampblack, sugar-charcoal, and wood-

charcoal 1-70—1-80

2. Coefficient of Cubical Exptimion,

Diamond 000000375
Graphite 00000104
Gas coke 00000162

3. Thermal Coniluclivity.

Diamond (0'= C.) 0-33 a)

Graphite 0-0117

Charcoal 0-000405

(.;) Eucken, Phys, Zeit., 1911, xii., 1005.
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4. i>f>fcific Heals.

(All measured by We'oet - Pogg. Ann., 1S75, cliv, 367,

553).

Diamond (107^ C.) 0-1128
Ceylon gtaphitc (10 8" C.) 01604
Wood charcoal (o"—24° C.) o '653

5. Electrical Conductivily.

Diamond (is"^ C.) o'2nio-i4
o-309'io-i2

Graphite (15^ C ) 008210*
Charcoal (12' C.J 025

An inf))t:cllon of iliis t-.jle shows ihat, with the single
exception ol the electrical conductivity, all the physical
proptrtics are in the order we should expect. In the case
of the electrical conductivity, graphite occupies an
anomalous position, in that its conductivity is very much
larger than that of either the diamond or ainoiphous
carbon. In this connection two facts appear to be inipor-

tant. First, the value of the electric conductiviiy of

graphite is so very much larger than those of the other

two forms that it would lead one to sui^pect that it is

occasioned by something quite different from the made of

linkage of the carbon atoms in the dilTetent forms of

carbon, since we could scarcely e.xpect that the differences

In the atomic linkage would change a substance which is

an insulator, like the diamond, into a substance which is

a metallic conductor, like graphite. And, secondly, we
can see that there is a real anomaly in the case of
graphite, because the thermal conductivities are in the
order expected, and thence, from the law of Wiedemann
and Franz, which states that the ratio of the thermal and
electrical conductivities is (at least in the case of metals

—

Eucken, loe. cil.) approximately constant, we should also

expect the electrical conductivities to be in the same order.

The abnormal electrical conductivity of graphite is, in

fact, a property which still awaits explanation.
The suggested configurations of the allottopes of carbon

ate also in agreement with the " cyclic condensations " of

carbon by Rousseau (Comples Reudus, 1893, cxvii., 164)
and Ludwig (CA«Hi Zeit., igoi, xxv., 979 ; Zcit. Elektro.
Chun., igo2, viii., 273), ths crystalline structures of
diamond and the conclusions of Barlow and Pope {he.
cit.), and Bragg {he. cil.), and Debye and Scherter
{loc. cit.). The elucidation of the molecular structure of

the carbon allotropes throw much light upon the me-
chanism of the combustion of carbon, a problem which
has received a good deal of attention.

Under the s'.ress of experimental evidence the reduction
theory of Lang {Zeit. Phys. Chtm., 1S8S, ii., 62) has been
replacedby thatot gradual; xidation by Bakei (Phil. Trans.,
1888, A, clxxix, 571) and Dixon [Trans., 1S96, Ixix., 774;
1899, Ixxv., 630). which in its luin is being substituted Dy
the theory oj complexes, proposed by Rrtead and Wncrrler
{Trans., igto, x^vii., 2181 ; igii, xcix., 1140; 1913. ciii.,

461).
Tne conception of a non-rigid configuration for

amorphous ciirDon, cuniaimng free valencies, afTjrds a

complete expldnaiion of— (i) Tne compari tive easy c.Tm-

busiibiliiy of this form of carbon ; and (2) The simul-
taneous evolution of CO and CO.., products of disruption
of the complexes, logically constituting the first stage of
oxidation.

The conception of a rigid configuration for diamond
and graphite explains the coosiderable resistance to com-
bustion exhibited by these allotropes, and suggests that
no intermediate c miplexes, assumed in case of amorphous
carbon, are littly i 1 the course of combustion of diamond
and graphite.

These possib; itiej present themselves as repr.senting
the mechanism li the combustion of diamond or
graphite:— (t) Ibt ir molecular structures disi itegraie at

the exceedingly hi) b temperature cf its combustion; or

(2) It is primarily crnverted into amorphous carbon (with

or without passing through the graphite form in case of

diamond, and then pass tbrough the stages indicated for

amorphous carbon).

In the light of the work of Moissan {Comptes
Rendus, 1897, cxxiv., 653), Crookes (Proc. Roy.
Soc, igo4, A. Ixxiv., 47), and Vogel and Tammann
(Zeit. Phys. Chem., igog, Ixix., 5g8) on the trans-

lurmation of diamond into graphite, and the work of

Bertbelot {Comptes Rtndus, 1902, cxxxv., loiS), Parsons
and Swinton {Proc. Roy. Soc, 1908, A, Ixxx., 184),
and Swinton {Proc. Roy. Soc., igog. A, Ixxxi., 176)
on the conversion of diamond into amorphous carbon,
the second hypothesis appears to be the more probable
one ; the transformation of diamond and graphite into

amorphous carbon preceding the process of oxidation.

With reference to the combustion of amorphous carbon,
whilst the number of theoretically possible complexes is

obviously large, the general progress of reaction and final

complexes, judging by the ultimate products, can be
represented by the equation

—

2C,t-fyOi = 2CvOj=aCO-K2A--o)C02^ 2.^.0^.

Where x is the number of atoms in a molecule of

amorphous carbon, ; equals ;V(4x-o). and a is a
vaiiable, depending upon temperature, pressure, and con-
centration of oxygen and varying between 2x and zero.

A CONVENIENT METHOD OF
ANALYSIS OF FLUORSPAR AND OF BASIC

SLAGS CONTAINING FLUORINE.

By Lieut. G R. DOYLE.

Thi; author believes that the following method, now
published for the 5rst time, will readily commend itself as
being in several ways more advantageous than existing
processes.

The sample is finely powdered in an agate mortar, and
o'5 grm. is weighed cut into a porcelain, silica, or platinum
dish. A little water is added to form a paste, and 25 cc.

of glacial acetic acid, and the mixture evaporated neatly
to dryness on the water-bath, with occasional stirring.

The assay is now treated again with 25 cc. of glacial acetic

acid, and evaporated completely dry, all free acetic acid
being driven oflf in the steam-oven. The residue is now
taken up with a little hot water, transferred to a small
beaker, diluted to 80 cc, and boiled for ten minutes, or

until the residue on standing a few minutes shows a clear

supernatant liquid. If a colour persists, through the pre-

sence of acetic acid, the sample is diluted with 20 cc. of

water and boiled again.

(Note.— If a large amount of iron be present, or the
sample be rather dark in colour, the residue after filtering

mu!-t be washed back into the previously used dish, and
treated again with glacial acetic acid, evaporated to dry-

ness as before, transferred to a beaker, boiled with water,
and fi Icred. Tne filtrates are combined).

Residue contains ;
—

(a) Ail lime existing as CaFj.
(4) The greater part of the silica.

Ic) All iron and alumina.

Filtrate contains :

—

{aj Soluble or available lime (CaO and CaC03).
(bj Soluble silica.

(c) Manganese.
(if) Magnesia.
(e) Lead.

Ezamination of Residue.

Residue is ignited in a weighed platinum dish (but not
so strongly as to decompose CaFj), cooled, and weighed
until constant in weight ; tteated with MF, and evaporated
'o dryness on water-bath, ignited, and weighed. Loss =
S.Oi.

I
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The remaining residue is increased by 5 cc. H2SO4,
evaporated until the formation of fumes, and finally ignited

and weighed again. Gain = increase of CaS04 over

CaFj. CaS04 x 0-5735 = CaF,.
The residue is boiled for twenty minutes with 20 cc.

HCl, transferred to a beaker, increased by ammonium
chloride and ammonia, boiled, and filtered. If much Fa

and Al are present precipitation is carried out again. The
residue of Fe and Al is ignited, weighed, and deducted

from the combined weight of Fe + AI + CaFj. Difference

= CaFj.
If lead be present H^S is passed before precipitation of

the iron and aluminium.
After Fe and Al have been weighed the assay is dis-

solved, reduced, and titrated, the Al being thencs deter-

mined by difference.

Examination of Filtrate.

The filtrate is evaporated to dryness v/iih 5 cc. HCl and

three drops HNO3, baked, tiken up in 5 cc. HCl, diluted,

and filtered. The silica now obtained is added to that

found in the residue.

Ammonium chloride solution, bromine to saturation,

and excess of ammonia are added to this filtrate, which is

boiled, filtered, and, ignited. MnO is calculated from the

Mn304 obtained. Factor, 9301. (If lead be present it

is eliminated by H^S pfior to precipitation of Mn).

The filtrate is increased by ammonium oxalate, boiled,

allowed to settle, and filtered. The precipitate, which

consists of available lime, is strongly ignited and weigaed

as CaO.
Magnesia in the fiirrate is precipitated with ammonium

phosphate, and left overnight to settle.

GALLIUM.*

By L, M. DENNIS and J. ALLINGTON BRIDGMAN.

(Concluded from p. 292).

A Study of certain Salts of Gallium.

Gallium Selenate.

A SOLUTION of gallium selenate was prepared by placing

gallium hydroxide in an amount of selenic acid insufficient

to dissolve all of the hydroxide and heating the acid

nearly to boiling. After several hours of digestion the

solution was freed from the excess of gallium hydroxide

by filtration, and the filtrate was evaporated at room tem-

perature. The crystals that separated were drained on s

Witt plate by suction. The salt is very soluble, and it is

difficult to obtain crystals that are satisfactory for micro-

scopic examination. The crystals show oblique extinc-

tion, and they therefore belong either to the monoclinic or

to the triclinic system.

The salt was dried to constant weight in the air and

was then analysed. Selenium was determined by placing

a weighed sample of the salt in concentrated hydrochlorio

acid and beating this to boiling to reduce selenic acid to

selenious acid. The selenious acid was then reduced to

free selenium by passing sulphur dioxide through the

hot solution. The precipitated selenium was collecied on

a weighed Gooch crucible and was dried at 110° and

weighed. Gallium was determined in thu filtrate by the

sodium sulphite method.

Calculated for 032(8604)3. i6HaO—02^03, 2igo;
SeOj, 4449; HjO, 33 61. Found G32O,, 21 77,

2i'66, average 2171 ; S£03, 44'49, 44-24. average

44-36 ; H2O, by ditierence, 33-98.

• This article is based upon the thesis presented to the P'aculiv ol

ihe Gradu.Me School of Cornell University by J Allinglon Hridgiiian

la partial fulfilment of the requirements for the degree of Doctor of

Philosopby. From \\iQ Journal oj the American Chnntcal b^'ciety.

xl., No. 10.

When the sample of the crystalline gallium selenate was
dried in the air 2-5145 grms. of the salt lost 0-2810 grm.,

which corresponds to 5-94 molecules of water. Conse-
sequently, the salt that was dried by suction contains

about 22 molecules of water. (The same degree of hydra-

tion, namely, 22 molecules of water, was found to exist in

a sample of gallium sulphate that was dried by simply
pressing the crystals between sheets of filter-paper).

These results indicate that a hydrate of gallium selenate

containing 16 molecules of water exists, and that it is

also probable that when gallium selenate crystallises from
aqueous solution at room temperature the salt contains 22

molecules of water of crystallisation.

The salubility of this air-dried crystalline gallium

selenate was determined by placing an excess of the salt in

water in a stoppered bottle, heating the contents of the

bottle to 25° in a thermostat for six hours and then pipetting

od samples of the supernatant saturated solution and
weighing them. The gallium in these samples was deter-

mined by the sodium sulphite method.

Weight cf saturated solution taken (grm.) 07558 0-6192

Weight of Ga203 found (grm.) .. .. o-ogo8 00749

The average of these values is o-iao, grm. of GajOj
per grm. of s >lu ion. One part of the salt therefore dis-

solves in 1-74 parts of water at 25°, and 100 cc. of the

solution contains 5758 grms. of gallium selenate.

Casitiin Gallium Selenate Alum.

A solution containing gallium selenate, caesium selenate,

and some free selenic acid was evaporated at room tem-
perature. The crystals were separated from the mother-
liquor and were dried in the air. They showed the

octahedral iorm characteristic of the alums.

Caesium was determined by precipitation with chloto-

platinic acid, selenium by precipitation as free selen um,
and gallium by precipitation witn ammonium sulphite in

the filtrate from the selenium determination. The water

of crystallisation was determined by drying a sample of

the salt to constant weight at about 180"^.

Calculated for C5G3(Se04)2.i2H20-Cs20, 19-96;
Ga203. 13-31; S=03, 3607; H2O, 3065. Found
—CS2O, 19-78; GajOa, 13-33; SeOj, 35-73; H2O,
30'33-

These results show that the salt has the formula

CsGa(S£04)2.r2H20 and that it is therefore a typical

alum.
The solubility of this alum in water at 25° was deter-

mined in Ihe manner described under the selenate.

Weiohiofsatuiaied solution taken (grms.) 20702 20422
Weight of Ga203 found (grm.) .. .. o-oiog o-oiog

The average of these results is 0-0053 S'"^- of Ga203
per grm. of sQlution. One part of the salt therefore

dissolves in 24 i parts of water at 25°, and 100 cc. of

the solution contains 4-15 grms. of the alum.

AmmOKtiim Gallium Sulphate Alum and Ccesium Gallium
Sulphate Alum.

During the process of extraction of germanium from
certain material in this laboratory there were obtained

residual solutions that were rich in zinc sulphate, and that

contained about 30 per cent of sulphuric acid. Spectto

scopic examination of these solutions showed the presence

of gallium.

Lecoq de Boisbaudran separated traces of indium from
gallium by utilising the fact that ammonium gallium alum
is quite insoluble in 70 per cent alcohol (Comptes Rendus,

1882, xcv., 410). It therefore seemed probable that

separation of this alum from alcoholic solution might
furnish a convenient means for the recovery of gallium

from such residues as those above mentioned. The
development of such a method made necessary the deter-

mination of the approximate solubility of ammonium
gallium alum tt-tii'' ' "j"! ro'-'-':''Conding cssium alum
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would doublles-s bi even lesi soluble a sample of ihat com-

pound wa- prepared and Us solubility was determined.

A sample of each ot these two alums was placed in a

small bottle, an amount of water insufficient to com-

pletely dissolve the sample was added to each, and the

mixiure held at 25° in the thermostat for six hours.

The gallium present in weighed amounts of th; satL-tated

supertiatatit solution was then determined.

The solubilities were then determined for each of the

alums, using first 50 per cent alcohol and next 70 per cent

alcohol. Alter the mixture had been held in the thermo-

stat at 25° for six hours, 40 cc. of the supernatant liquid

was pipetted off in each case and was evaporated to dry-

ness. Each residue was then heated for two hours at

150° and was weighed as the mixture of the anhydrous

sulphate of gallium with ammonium sulphate or with

CJesium sulphate. The solubilities of each of the alums

in a niixmre of 35 cc. of water, 50 cc. of absolute ethyl

alcohol, and 15 cc. concentrated hydrochloric acid was

then determined. The galiiam in samples of 40 cc. of the

saturated suptrnalanl sriluiion was precipitated by the

sodium sulphite method. The results of these various

determinations follow :
—

Solubility of Ammonium Gallium Sulphate Alum.

1. In water.

Weight ofsaturated solutions taken (grms.) 10248 07010

Weight ol GaaOs found (grm.) .. .. 0'0463 00309

The average of these values 13 00446 gtm. of Ga^Os

pet grm. of solution. One part of t&e salt therefore dis-

solves in 3 24 parts of water at 25°, and 100 cc. of the

solution contains 30-84 gtms. of the alum.

2. In 50 per cent alcohol. 40 cc. of the saturated solu-

tion of the alum gave a residue that weighed o 0049 gtm.,

which corresponds to 0-0411 gtm. of 03^03 or 0-2170 gtm.

of ammonium galiium alum per litre of solution. One part

of the salt therefoie dissolves in 4600 parts of 50 per cent

alcohol at 25", and 100 cc. of the solution contains 00217

grm. of the alum.

3. In 70 per cent alcohol. 40 cc. of the saturated solu-

tion of the alum gave a residue thai weighed o 0020 grm.,

which corresponds to o-oi66 gtm. of GaaOj or 0-0875 grm.

of ammoniijm gallium alum per litre of solution. One

part of the salt therefore dissolves in 11,400 parts of 70

per cent alcohol at 25°, and 100 cc. of the solution contains

o 00S75 grm. of the aluin.

4. In a solution containing 35 cc. of water, 50 cc. of

absolute alcohol, 15 cc. of concentrated sulphuric acid.

40 cc. of the saturated solution of the alum yielded 00122

grm. of Gai03, which corresponds to 0305 grm. of

GajOs or 1-613 grm. of ammonium gallium alum per

litre ot solution. One part of the salt therefore dissolves

in 620 cc. of this solution at 25°, and 100 cc. of the solu-

tion contains 0-1613 gtm. of the alum.

The Solubility of Ccesium Gallium Sulphate Alum.

1. In water.

Wcighlofsatur^terl solution taken (grms.) 2-0812 17305
Weight of GajOs lound (grm.) .. .. 0-0048 00040

The average of these values is 00023 §"" °f GajOs pc'

grm. of solution. One part of the salt therefore dissolves

in 66-2 cc. of water at 25", and 100 cc. of the solution

contains 1-51 grms. of the alum.

2. In 50 pet cent alcohol. 40 cc. of the saturated solu-

tion gave a residue that weighed o 0010 grm., which cor-

responds to 00059 grm. of Ga203 or 003S7 grm of

ca;"-ium gallium alum per litre of solution. One part ol

the salt therefore dissolves 25,800 parts of 50 per cent

alcohol at 25°, and 100 cc. of the solution contains

o 00387 grin, of the alum.

3. In 70 per cent alcohol. 40 cc. of the saturated solu

tion of the alum gave a residue that weighed oooog grm.,

which corresponds to o 0054 grm. of Gaj03 or 00356 grm.

of csiium gallium alum per litre of solution. One part of

the salt therefore dissolves in 28,000 parts of 70 par cent

alcohol at 25', and mo cc. of the solution contains

o'oo356 grm. ot the alum.

4. In a solution containing 35 cc. of water, 50 cc. of

absolute alcohol, and 15 cc. of concentrated sulphuric

acid. 40 cc. of the saturated solution of the alum yielded

0014 gim. of GajOj, which corresponds to 00350 grm.

01 GatOs or 0-228 grm. of cesium gallium alum per litre

of solution. One part of the salt therefore dissolves in

4380 parts of this solution at 25', and 100 cc. of the solu-

tion contains 0-0128 grm. ot the alum.

Summary.

1. Ths spark spectra and the arc spectra of gallium,

indium, and zinc have been studied, and the delicacy of

the spectroscopic detection of gallium and indium alone

and in the presence of each other ascertained. Gallium

chloride prepared by double distillation is found to contain

less than 0-005 per cent of either indium or zinc.

2. The purification of gallium by fractional electrolysis,

and the preparation of pure gallium chloride by distillation

are described.

3. Methods for the determination of gallium alone and

of gallium, indium, zinc, and aluminium in the presence

of one another have been developed.

4. Two nev/ salts of gallium, gallium selenale and
Cc-Bsium gallium selenate alum, have been prepared. The
solubilities ol ammonium gallium sulphate alum and of

cssium gallium sulphate alum in water, in 50 per cent

alcohol and in 70 per cent alcohol, have been measured.

MEASUREMENT OF THE THICKNESS OF FILM
FORMED ON GLASS AND SAND."

By EARL PETTIJOHN.

(Concluded from p. 296).

Experimental, — In order to obtain the relationship

between surface and amount of liquid to produce sticking,

a series of determinations was conducted using the glass

pearls, water being used as the titrating liquid. Under
these conditions the only variables were those of the solid,

including the nature of the surface, the size and the

specific gravity of /the pearls. For samples from the

same source no difference in the nature of the surface was
to be expected.
During the whole of this work an attempt was made to

find other material suitable for titration and of known
surface. Results with this material would permit con-

clusions to be drawn regarding the capacity of different

surfaces to hold liquid films and would thus show the effect

of the other variants. No other material was found that

could be used in this way.
Reproducibility of Results.—The apparatu« as used was

subject to some error due to the fact that the quantity of

liquid added could only be controlled by opening the lower

stopcock of the weight burette. To give an idea of the

accuracy obtainable with this apparatus, a scries of results

obtained with each of two liquids is included. The re-

mainintr liquids gave results correspondingly accurate (see

Table A).

The per cent error introduced depended principally On

the amount of surface titrated or on the amount of liquid

added, the greatest variation amounting to from 0-004 to

o 006 grm. of liquid.

The results obtained and the calculations of film thick-

ness are given in Table II.

Discussion of Results.—The liquid required for a titra-

tion may be used to form aunitoim film of liquid over the

surface of the pearls up to the thickness at which flow

No.
From the Journal 0/ the Atittiican Chemicai Soiitty xli.,
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Sample.
Pearls.

No. I.

No. 3.

No. 5.

No. 7.

No. 8.

No. g.

No. 10.

Ottawa
lo-mesh
20-mesh
40-mesh
60-mesh

Table II.--Titration Va 'lies Using Water,

Diameter Sutface Titration Film
m cm. sq. cm./grm. Sp. gr. Weighe. liquid per grm. thickness.

0-1367 1467 3-IOI 0-003988 0-000190 0000129
o-ii8o 17 09 3-090 0-002626 0-000218 0- 0000 1 28
00808 2403 3-079 0-000853 0-000303 0-0000126
o'0542 35-46 3 125 0-000261 0-000402 00000113
00410 46-40 3-069 0-000121 0-000595 0-0000128
0-0540 4493 2-505 0-000206 0-000297 0-0000066
0-0460 53-14 2-496

Sands

0-000122 0-000375 0-0000070

0-0790 28-58 2-656 0-000686 0-000374 0-0000130
0-0494 46 00 2-643 0-000168 O-OOI310 0-0000285
00430 52-28 2 646 OOOOIIO 0-00II20 0-0000214
00280 81 90 2-650 0-000030 OOOIIOO 0-0000135
0170 12957 2-666 0-000007 0-001480 00000U4

Table 111.— Titration Values for Sands and Pearls with Organic Liquids.

Sands.

Liquids. ic-mesh. 20-mesh. 40 mesh. 6o-mesh.

Nitrobenzene 000136 0-00117 o-ooiog 0-00148

Watei 000133 000108 0-00112 0-00151

Aniline 000122 0-01107 000109 0-00148

Dimethylaniline 0-00131 000108 000107 0-00155

Paenyliodide 000126 0-00112 000112 000149
Toluol 0-00134 0-00116 o ooiio 000146
Turpentine 0-00131 000116 000108 0-00142

Pyridine — — oooiog —
Pearls.

Liquids. No. I. No. 3. No. 5. No. 8. No. g.

Nitrobenzene .. .. o'oooi8 0-00020 0-00030 0-00056 0-00027

Water o-oooig 0-00022 0-00030 o-ooo5g 000030
Aniline —• — — 0-00055 0-00023

Dimethylanilne . . . . 0-00017 000022 0-00032 0-00059 0-00029

Phenyliodide O'OOOiS — — 0-00059 000030
Toluol — 0-00021 — 0-00053 0-00031

Ottawa.

0-00039
0-00037
o-ooo3g
0-00039
0-00039
0-00038

0-00039

No. JO

0-00040
0-00037
o 00039
0-00045

000039
0-00038

would occur. If this is the case a negligible amount of

liquid would be required actually to support the grains,

this amount being added after the uniform film had been

added, and " sticking" would result from a concentration

of this added amount at the contact surface of flask and
pearl through the action of capillary forces.

Table A.

Liquid. Water.

Sample aoogrms.
pearls No. 8.

Weight of liquid, grffls. . . 0-119
o-iig

0117
0-116

0-I20
0-I2I
0-116

0-n8

Nitrobenzene.

200 grms.
pearls No. 3.

0-040

0-041

0-039
0-042

o 042
0038

Average 0-118 0-040

Greatest variation from
average 0-003 = 2-5 p. 0. = 5 p.c.

Variation between highest

and lowest values.. .. 4-2 p.c. lu p.c.

On the other band, the whole an ount of Hquid required

may be necessary to support the pearls through the action

of surface tension. In this case no film would form, but

all of the liquid added would concentrate at the contact

surface, and "sticking" would occur as soon as the sur-

face tension was sufficient to support the pearl.

In order to determine which of these two hypotheseg
held or whether the amount used in titrating was thg
resultant of both effects, some calculations were made Of
the amount of liquid necessary to support a single grain

Fio. 2.

Fig. 2 will explain the letters used and the method of
calculation followed.

Consider a pearl weighing ooooi grm., held to the
surface of the flask by surface tension. The liquid holding
the pearl may be considered as occupying a volume repre-

sented in section by (obced), the lowest level of this

volume being the circumference of a circle whose radius
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is a. Surface tension may be considered as acting along
this ciicumlerence. If tbe surface tension and he weight
supported by it ate known, the length of tbe circum
fercnce required to support the pearl is given ooooi/sur.
ten. Substituting actual values and placing the quotient

equal to the circumference of a circle enables one to ca'-

culate the value of a in tbe same units as are used for

expressing the surface tension (cm.). Having the value

of a, tbe value of h (thickness of liquid acting) may be
calculated, since by geometry

—

h:a::a:(R — h),

and all of the terms except It are known.
Knowing both a and h, the volume of liquid holding

tbe pearl can be estimated. It was assumed that the

volume of liquid necessary to support the pearl would be

that required to half fill the volume represented on the

figure by (OBED). This is believed to be in excess of the

actual amount needed. Calculating this value for the

smallest pearl used, one weighing o'ooji2 grm. gave
o'Oj37 cc. per grm. of pearls. Calculating the same value

for pearls No. i, the heavieot pearls used, gave 005S cc.

per prm. of pearls. These amounts are negligible when
the amounts required for a titration are considered. Tnis
shows clearly that although the end-point is marked by
the appearance of "sticking," which is a surface-tension

effect, surface tension itself cannot account for the liquid

required for a titration.

The amount of liquid required is directly proportional

to the surface, and tbe film thickness is uniform for the

same kind of glass.

.\s to the actual thickness of film found, it is of the

same order as that found by earlier investigators who
worked with tbe vapour phase of water in forcing the

film. The results are higher than those of all except
Parks. It does not seem probable, in view of the results

obtained, that there is any difference in the nature of the

film itself, whether water in the vapour phase or water in

the liquid phase is used to form the film. It also seems
probable that what actually takes place on the surface of

the grain is a condensation of water vapour. In the

titrations in which water was used to form the film it was
found that the titrated sample on air drying would again
take up tbe same amount of liquid. It is difficult to see

how this could take place repeatedly if a chemical reaction

was involved in holding tbe liquid.

The results obtained with samples No. g and No. 10

are only about half as large as those obtained with the

rest of tbe samples. This can only bs due to a different

surface capacity for holding liquid. The results are close

to those obtained by Katz with ornithite, and by Ibmoii
with glass globes.

Ottawa sand gives the same value for film thickness

that tbe larger series of pearls does. It seems probable

that this is a chance agreement, since the surface of tbe

sand differed considerably from that of the pearls both In

hardness and in texture.

As a whole, the results Indicate that there are two
(actors which influence the amount of liquid necessary to

form the maximum thickness of film. The first factor is

the amount of surface, the actual area that tbe film must
cover. Tbe second is tbe nature of the surface itself, its

capacity to bold a film.

Not a great deal is known regarding the variants which
determine the capacity factor of a surface. It is probably
related to the free energy present in the atoms of tbe sur-

face layers.

The work up to this point indicated that the film thick-

ness should be independent of tbe liquid used, providing
tbe liquid is not too viscous to spread readily. It also

indicated tbe desirability of applying the titration method
to the determination of the surface of irregular particles

like sand grains.

For the purpose of obtaining surface values for the

meshed sands complete titrations for each of these samples
with water and with each of tbe organic liquids was carried

out. An attempt was made also to titrate finer sands,

loo-mcbh, 150 mesh, 200 mesh. These, however, would
not permit of an even distribution of tbe liquid over tbe

surface, and no satisfactory titrations were obtainable.

To determine whether the same thickness of film would
be found with a different liquid, titrations were carried out
first with the pearls and then with tbe sands, making use
of the organic liquids. The determinations with tbe pearls

were not completed when they were found to check closely

for the first liquids used, but those on the sands were com-
pleted for all of tbe liquids.

The organic liquids used were chosen so that tbe specific

gravity, volatility, surface tension, i.S:c., varied.

The results obtained from these Ia^o series of titrations

are given in Table III., and will be discussed together.

Discussion of Results.—The results show that the thick-

ness of tbe film Is independent of the kind of liquid used
for titrating, and that the sand titrations can be checked
with as good an accuracy as titrations ot pearls. Occa-
sional results vary, but the uniformity for the whole series

is pronounced. This proves definitely that the surface
tension o! tbe liquid his no effect on the amount of liquid

required for a titration. The surface tension of water is

much greater than that of tbe other liquids, but the volume
required pet grm. is the same. T.iis could not be true If

the surface tension influimced the amount of liquid re-

quired to produce "sticking."

It also proves that there is no chemical reaction in the

ordinary sense of the term when a film of water forms on
glass. While it might ba possible to imagine such an
effect Between water and glass, it Is obviously impossible
to do so with tbe rest of the liquids of the series. In

addition to this tbe calculated film thickness for different

sizes of pearls is found to be the same, showing that the
volume for titration varies with the surface.

The definite conclusion can be drawn that these films

are not due to the iotmatlon of a chemical compound,
but that they are held by the free surface energy of tbe
solid. It seems certain that tbe same force holds a
thinner film.

While these films are formed by the addition of liquid

to the solid, the inference is that the same conclusion may
be drawn for a film formed from the vapour phase. This
Inference is supported by ihe fact tbzt the values obtained
for the film thickness when formed from the vapour phase
are only very slightly lower than those formed by the
addition of liquid. It setms probable that a liquid film

forms in both cases, but that with tlia unsaturated vapour
phase it never becomes thick enough to show as a normal
liquid on the surface of the solid, while when liquid is

used the formation of free liquid marks the end of the

titration and Indicates the thickest film that can form
without free liquid being present.

In titrating sands a simple relationship such as was
found for the pearl samples does not exist between titrated

amount and cilculatetl surface. Tbls is partly due to

error In calculating the surface, on the assumption that

the grains are spherical, and partly to the fact that extra

liquid is required to fill the etchings in tiiC surface. How-
ever, if relative effective surfaces are sou »ht they may be
expected to be proportional to the tittaion values, since

there is no application of the surface which would not
involve tbe etchings and so produce results which would
be proportional to those obti;ined by the titration method.

nummary.

This paper describes a new mdhod of obtaining tbe

thickness of the maximum film which can f um on a sur-

face without free liquid being present. Evidence is pre-

sented to show that tbe liquid forming th-j film does not

combine chemically with the solid. The mn'iod has been
applied to sand and to glass, and films have been formed
with water and with several organic liqji.Js. The film

thickness is foui:d to be independent ot the liquid used
and of tUe sizs of tbe solid pailicle. The method gives

I
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accurate values for tbe effective surface of sand paiLicles,

providing tbat surfaces ol tbe same Itind are compared.
In conclusion I wish to express my indebtedness to

Prof. I. FI. Derby for bis advice and suggestions in tbe

preparation of tbis paper.

LEAD IN PHARMACEUTICAL ZINC OXIDE.

By W. D. COLLINS and W. F. CLARKE.

Soon after tbe outbreak ol the present war, ditficuUy was
experienced in obtaining pharmaceutical zinc oxide which
would meet tbe requirements of the United States

Pharmacopceia. When the matter was first considered,

the statement was made tbat zinc oxide of the required

purity was very easy to obtain. It was even stated that

material bought for use as a pigment in painting might be

more nearly free from lead than a certain sample of

pharmaceutical zinc oxide which contained about 02 per

cent of lead.

Mr. C. L. Black, of the Philadelphia Station of the

Bureau of Chemistry, reported in May, 1917, that analysis

of such samples of zinc oxide as could b= procured on the

market at that time indicated that practically all the zinc

cxide obtainable contained more lead than was permitted

by the U.S. P. test. Some manufacturers at this time stated

on the labels that the zinc oxide sild by them contained
heavy metals slightly in excess of the U.S. P. limit. Prof.

C. H. La Wall published an article calling attention to

this matter, and made the suggestion that all samples of

pharmaceutical, zinc oxide should be tested for lead. (Am.
yourn. Pharm., 1917, Ixxxix., 353. In a later article

(Ibid., 1918, xc, 499) Ptof. Le Wall notes that U.S. P.

zinc oxide is now on the market. He proposes tests for

lead which will detect 003 pet cent PbO in zinc oxide,

while the present U.S. P. test under the best conditions
will detect 005 per cent).

In order to learn whether it would be passible to obtain
zihc oxide reasonably free from lead, samples were
obtained on the market and from manufacturers, and the

question was taken up with the U.S. Geological Survey,
and with manufacturers of zinc oxide. It was learned
from Mr. C. E Siebentbal, of tbe U.S. Geological Survey,
tbat one con;]pany producing zinc in the United States

owned a mine which contained no lead minerals, and
therefore should be able to produce zinc oxide tree from
lead. It would seem probable that zinc oxide made
from electrolytic zinc should be free from lead. It was
learned from manufacturers tbat zinc oxide was being
made according to both of these principles, and tbat the

products contained much less lead than the amount neces
sary to respond to the U.S. P. test for heavy metals.

Test jor Lead in Zinc Oxide by the U.S. P. Test for
Heavy Metals.

In order to determine tbe sensitiveness of tbe U.S. P.

test for lead in zinc oxide two series of experiments were
conducted entirely independently in order to establish the

limits of sensitiveness. Different quantities of lead from
a solution of lead nitrate were made up with zinc oxide

and hydrochloric acid so as to give tbe concentrations of

zinc and acid prescribed by tbe U.S. P. for the test for heavy
metals. In one series of tests (W.F.C.) the hydrogen
sulphide used was made according to the directions of the

Pharmacopceia. In the other series of tests (W.D.C.) the

hydrogen sulphide used was prepared in the ordinary
manner by the use of hydrochloric acid and ferrous sul-

phide and tbe gas was washed through water. No dif-

ference could be detected in tbe results by the two
methods.

It was found that a sample of zinc oxide might contain

as much as 0-05 per cent lead and fail to respond to the

test for heavy metals. In some cases the test would be

obtained and in others it would fail. When tbe sample

contained as much as 01 per cent a positive test was
always obtained, and with any amount greater than 005
per cent there was rarely any doubt about the response to
the test.

Samples.

A number of samples of zinc oxide were purchased at
various drug stores. Some samples were furnished by
manufacturers and others were obtained from dealers
through the regular purchasing office of the Bureau.

Table I.—Zinc Oxide.
Sample Producer or Lead. U.S. P.
No. Received. Dealer manufacturer. per cent test.

117 (a) I-13-17 A 3 0-25 +
118 (a) I-i6 17 B c 0036
iig (a) I-16-17 A J 025 -(-

133 («) 8-4-17 D E 0-ig

134 (") 8-4-17 F G 0-19 -f

137 H 8-6 t7 B C 026 -1-

130 (b) 1915 H H 0-041
148 (c) 9-27-17 I I o-oo6
158 (d) 11-28 17 I I 0-004

159 (d) it-29-17 1 I 0-008

155 (e) ti-5-17 C K 0-013
17S (e) 2-1-18 H T 0-004
1S7 (<) 2 4 18 L i o-oo8

Metallic Zinc.

149 (/) 1914 — M 0-026 —
145 (gl 1917 N M probably 0-094 —
146 (A) 926-17

Pigmen

K

t Zinc Oxide.

0-012 ~

135 («) 8-417 — 0-13 Trace
136 8-4.17 P — 53'2 Heavy

(a) Purchased at local drug store.

(b) From Bureau stoci of reagents.
(c) Show sample from office of manufacturer.
(d) Sample sent by manufacturer.
(e) Purchased by Bureau Supply Office.

(/) Analysis on label, lead 001 per cent.

(g) Analysis on label, lead none.
(h) Sample furnished by manufacturer.
(() About 22 per cent barium sulphate.

Samples of zinc oxide were also purchased at two paint
stores. A few samples of metallic zinc were examined for
their content of lead.

Method of Analysis.

Lead was determined by the well known method of
separating as sulphate and weighing as chromate. From
5 to 40 grms. of zinc oxide or zinc were dissolved in water
and sulphuric acid, with a slight excess of acid. The
volume was usually about 100 cc. for 10 ^rms. of zinc
oxide. Alcohol (95 per cent) was added in quantity just
short of that necessary to start precipitation of the zinc
sulphate, usually making about one-third of tbe final
volume. The solution was allowed to stand overnight

;

tbe lead sulphate was filtered off on asbestos, washed with
50 per cent alcohol, and dissolved in ammonium acetate.
The lead was reprecipitated as chromate, after acidifying
with acetic acid, by adding potassium dichromate solution.
After standing overnight tbe lead chromate was filtered on
asbestos in a weighed Gooch crucible, dried to constant
weight at 110°, and weighed. The accompanying table
gives descriptions of the samples and the results obtained
for lead, and also tbe results of testing according to the
United States Pbarmacopxia.

Summary,

For a short time after the beginning of the war it

was not possible to procure zinc oxide of the U.S. P.

standard produced in the United States.
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Ihe U.S. P. lest for heavy metals will not detect less

than u 05 per cent of lead in zinc oxide.

It is possible at the present time to obtain zinc oxide

which, with respect to the presence of lead, is of much
higher quality than is called for by the requirements of

the U.S. P. — younial of Industrial and Engineering

Chemistry, ii., No. 2.

a.BOAKD OF TRADE ANNOUNCEMENTS.

The Board of Trade are in receipt of Information from

the Foreign Office that the Danish Government have now
given a general guarantee, which has been accepted by the

Associated Governments, that goods imparted into that

country will not be re-exported to enemy countries. Tbey
announce therefore that, except for goods on Lists A or B.

all restrictions on export to Denmark, whether by freight

or by parcel post, have been removed.
Exporters should, however, satisfy themselvee that the

goods ara not subject to any Danish import prohibition.

Applications for licences to export goods on Lists A or B
should continue to be made to the Export Licence Depart-

ment (4, Central Buildings, Westminster, S.W. i), but no
certificates from the Danish Associations need be pro-

duced.

Import or Dyestuffs.

By the Proclamation of February 24, igtg, the importa-

tion into the United Kingdom of the following products

was prohibited except under licence, viz. :
—

All derivatives of coal-tar generally known as inter-

mediate products capable of being used or adapted

for use as dyestuffs, or of being modified or further

manufactured into dyestulfs.

All direct cotton colours, all union colours, all acid wool
colours, all chrome and mordant colours, all alizarine

colours, all basic colours, all sulphide colours, all vat

colours (including synthetic indigo), all oil, spirit, and

wax colours, all lake colours, and any other synthetic

colours, dyes, stains, colour acids, colour bases, colour

lakes, leuco acids, leuco bases, whether in paste,

powder, solution, or any other form.

At the same time, in accordance with the arrangements

outlined in a White Paper issued some months ago (Cd.

9194) setting out the Government scheme for affording

State assistance to the dye-making industry, a special

Committee, known as the Trade and Licensing Subcom-
mittee, was established with offices at Danlee Buildings,

53, Spring Gardens, Manchester, in order to determine the

kinds and quantities of the dyestuffs which were to be

licenced for import and generally to deal with all questions

relating to such importation.

This Subcommittee consists of Dr. A. Ree and Mr. J.

Turner (representing the dye manufacturing industry) and
Mr. W. E. Kay and Mr. Thorp Whitaker (representing

the dye using industry), with Mr. W. Graham of the

Board of Trade as Secretary.

In order that there should be no undue delay in dealing

with applications to import dyestulTs during the first few

weeks whilst the necessary organisation was being set up,

the Committee issued a General Licence permitting the

importation of all dyestuffs of bona fide American, French,

or Swiss origin, but this concession was withdrawn on

April 9, and since that date licences have been necessar/

for the import of all consignments of dyestuffs coming
into this country whatever their origin.

Whilst the regulation of the import of dyestuffs was
primarily necessitated in order to prevent the free access

of German materials to this market it was felt that some
measure of contrcl was desirable over all imports if the

scheme was to be thoroughly effective. It was therefore

decided that a Central Importing Agency should be esta-

blished under the direct control of the Committee through

which all imports of dyestJiTj must pass at some stage.

As soon as the Committee are in a position to consider
applications for the import of Ger.-nan dyeatuflfs, which
will not be until after the withdrawal of the Trading with
the Enemy Regulations, the Central Importing Agency
will be the medium through which supplies are made avail-

able to consumers. Except in the case of German dyes,

the Agency will now undertake if desired the purchase of

dyestuffs abroad on behalf of consumers, but where it is

desired to make purchases direct or through recognised
merchants the goods will merely require to be consigned
to the Agency for the account of the particular consignee
and the shipping documents made out accordingly. For
its services the Age.icy will charge a commission ot i per

cent on the invoice value of the goo s with a minimum
charge of 5s., but this charge will not, of course, include

any incidental expenses such as freight, insurance, storage.

Sec, which must naturally be additional and borne by the

importer. The Offices of the Central Importing Agency
for the time being are at 21, Spring Gardens, Manchester.
Any firms desiring further information on the subject or

wishing to make application for an impoit licence are

advised to communicate direct with the Secretary of the

Licensing Sub-Committee, at the address already given

(53, Spring Gardens, Manchester).

PROCEEDINGS OF SOCIETIES.

ROYAL SOCIETY.
Ordinary Meeting, fune 5, 1919.

Sir J. J. Thomson, O.M., President, in the Chair.

The following papers were read :
—

" The Relation betu'een the Refractiviiy and Density 0/
Carbon Dioxide." By P. Phillips, D.Sc.

"On the Colours 0/ the Strite: in Mica, and the Radiation

from Laminar Diffracting Boundaries." By P. N. Ghosh.
{a) The striae are shown by an examination of the

liaidinger's rings in mica (and otherwise) to be the

boundaries between parts having slightly different thick-

nesses.

(b) The colour of any stria as seen in the Foucault test

is complementary to the colour of ihe central fringe in the

laminary diffraction-pattern produced by it.

(c) The colours arc altered by holding the mica
obliquely, or by immersing it in a cell containing liquid.

(d) The luminosity of a stria in the Foucault test is

approximately a maximum when the phases of the wave-
front, after passing through the plate on the two sides of

the stria, are opposite, and practically zero when the

phases are identical.

(e) Attempts to reproduce the phenomenon by etching

glass plates with dilute hydrofluoric acid were not very

successful, owing, apparently, to a want of sufficient

sharpness in the boundary thus produced. This is indi-

cated by the fact that such a plate shows distinct asym-

metry with reference to the direction of the incident light,

both in the Foucault test and in laminar diffraction.

(/) The stria: in mica appear doubled (with a black line

in the centre) when the light coming to a focus is screened

in a symmetrical manner, instead of by a knife-edge, as

in the Foucault test.

"A Study of the Catalytic Actions at Holid Surfaces."

By E. F. .Armstrong, D.S;., and T. P. Hilditch, D.Sc.

Tne rate of hydrogenation of a number of uncatarated

fatty oils in presence of finely disseminated nickel has

been studied and the csults expressed in the form of

curves. These are characterised by an initial linear seg-

ment followed by an abri>pt change of direction to a

segment of gentler slope, which is also linear at first, but
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subsequently may exhibit consiiderable curvature. The
point of inflexion is at a correspjnding part of each curve.

Tae two well defined linear components of the curves

correspond to the hydrogenaticn ot glycerides more un-

saturated than olein and to ths hydtogenation of olein.

The curves never approach the logarithmic type required

for a unimolecular action.

The general aspect ot the curves obtained for catalytic

hydrogenation is markedly similar to those obtained in the

case of enzymes, and they undoubtedly represent related

phenomena. , In each the catalyst (enzyme or reduced

nickel) unites primarily with the organic compound about

to undergo change (hydrolyte or unsaturated glycetidc),

the complex so formed being decomposed by the other

component of the interaction (water or hydrogen). In

each case, moreover, action takes place entirely aS the

surface of colloid particles, and activity o( catalyst depends

entirely on production of maximum surface and avoidance

of impurities likely to destroy 01 dirty this surface.

It is considered that the interchanges take place in an
electrolytic circuit in which the interacting substances are

necessarily all comprised. Hydrogen and fatty oil are

both to be thought of as coupied with nickel and inter-

action as brought about through inclusion in the system of

the electrolyte required to establish a conducting circuit.

Both hydrogen and fatty oil ate to be regarded as having

some affinity for the catalyst, and the rate of change is

to be considered as determined by the rate at which the

less active (hydrogen) enters into productive association

with the catalyst.

OBITUARY

Sir BOVERTON REDWOOD.

The death of Sit Boverton Redwood, Bart., which took

pl.ice on June 4 last, has deprived science and chemistry

in particular of one of its most active workers.

Sir Boveiton was born in April, 1846, and was there-

fore in his seventy-fourth year. Since the age of twenty-

three, when he was appointed Secretary to the Petroleum
Association, be has been an active and prominent man in

the chemical world. He has seived on many commissions
connected with the Petroleum industry, and during the

war gave much assistance to the Admiralty and other

bodies.

His only son, Bernard Boverton, died in 1911, and his

grandson, Thomas Boverton, born in igo6, succeeds to the

baronetcy.

CORRESPONDENCE.

THE DISRUPTION OF THE NITROGEN ATOM.

To the Editor of the Chemical News.

Sir,—In the fourth paper of a ;;eries entitled " Collisions

of aParticles with Light Atoms," by Sir E. Rutherford

(Papers I. to V., Phil. Mag., June, 1919, pp. 537—587),

there is an announcement that ib somewhat sensatirmal,

and with your permission I will give a short account of the

subject supplemented by the author's discussion of the

results.

The nuclear theory of the atom indicates the possibility

of impressing on the nuclei of light atoms a swift trans

latory motion by the impact of apartlcles thereon and in

the case of bombarding hydrogen the H atom should

acquire a velocity i'6 times th.it of the a-particle when
receiving therefrom a direct blow, whilst the energy ac-

quired by the H atom should be 0-64 of the energy oi the

n-patticle,

Prof. Marsden detected scintillations on a zinc sulphide
screen, placed upon the range of the a-particles, due to the
presence of high-speed H atoms when the a-patticles were
passed through gaseous hydrogen, the speed of the H
atoms being considerably greater than that of the a-

particles before impact ; their range of projection under
certain conditions is over 100 cm. in hydrogen, which is

four times the movement of colliding a-particles in the
same gas. Moreover, this range is in agreement with that
calculated by Darwin from Bohr's theory of absorption of
d-particles by matter, It was noted that the number of
hydrogen scintillations was in all cases too great to be
accounted for by the presence of hydrogen in the radio-
active material used or at the source of the a-patticles.

It was considered probable that besides the H atoms
being driven in a definite direction, O and N atoms from
the air were similarly given a high velocity, and it was
found that these atoms produced scintillations on the
screen, but in the absence of hydrogen scintillations

appKP.red evidently due to hydrogen disrupted from the
nitrogen by the force of the aparticle impacts. In regard
to the experimental details given, with dried air the
scintillations increased in number. While the scintilla-

tions were obseived v/iih air and oxygen no anomalous
eflfect (see discussion below) was ob :rved either with
oxygen or carbon dioxide, and the comparative effect

obseived with chemically pure nitrogen indicates that the
source cf the effect, presumably due to the dismember-
ment of the nitrogen atom, arises from the nitrogen itself.

The removal of dust from dry air did not appreciably
reduce the effect. It was found that the scintillations

varied with the air pressure in the vessel, as should be
expected if they arise from the impacts of a-particles on
the gases present. The presence of H atoms was in-

directly confirmed by obtaining dtflections in magnetic
and electrostatic fields, but " in order to settle this question
definitely it will probably be necessary to employ a solid

nitrogen compound free from hydrogen as a source and
use much stronger sources of arays."

It is of interest to note that for every io9 collisions with
the hydrogen molecules only one oparticle passes close

enough to the nucleus to give rise to a swift H atom.
After detailing a series of analytical experiments,

touched upon above, which brought to light the apparent
disrup'iion or dismemberment of the nitrogen atom. Sit E.
Rutherford concludes with the lollowing discussion of the

results ;

—

" From the results so far obtained it is difficult to avoid
the conclusion that the long range atoms arising from
collision of a particles v/ith nitrogen are not nitrogen
atoms but probably atoms of hydrogen, ot atoms of mass 2.

If this be the case, we must conclude that the nitrogen

atom is disintegrated under the intense forces developed
in a close collision with a swift oparticle, and that the

hydrogen atom which is liberated formed a constituent

part ot the nitrogen nucleus. We have drawn attention

in Paper III. to the rather surprising obsetvat'on that the

range of the nitrogen atoms in air is about the same as

the oxygen atoms, although we should expect a difference

of about ig per cent. If in collisions which give rise to

swift nitrogen atoms, the hydrogen is at the same time

disrupted, such a difference might be accounted for, for

the energy is then shared between two systems. It is of

interest to note, that while the majority of the light atoms,

as is well known, have atomic weights represented by .\n

or 4'H-3i where n is a whole number, nitrogen is the only

atom which is expressed by 411 -h 2. We should anticipate

from radio active data that the nitrogen nucleus consists

of three helium nuclei each of atomic mass 4, and either

two hydrogen nuclei or one of mass 2. If the H nuclei

were outriders of the main system of mass 12, the number
of close collisions with the bound H nuclei would be less

than if the latter were free, for the a-particle in a collision

comes under the combined field of the H nucleus and of the

central mass. Under such conditions it is to be expected

that the a-particle would only occasionally approach close
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enough to the H nucleus to give it the maximum velocity,

although in many cases it may give it sufficient energy to

break its bond with the central mass. Such a point of

view would explain why the number ol swift H atoms
from nitrogen is less than the corresponding number in

free hydrogen and less also than the number of swift

nitrogen atoms. The general results indicate that the H
nuclei, which are released, are distant about twice the

diameter of the electron (7 x to-'3 cm ) from the centre of

the main atom. Without a knowledge ol the laws of force

at such small distances it is difHcult to esiinjate the energy

required to free the H nucleus or to calculate the maximutji

velocity that can be given to the escaping H atom. It is

not to be expected, a priori, that the velocity or range of

the H atom released from the nitrogen atom should be

identical with that due to a collision in free hydrogen.
"Taking into account the great energy of the motion of

the <i-particle expelled from radium C, the close collision

of such an a particle with a light atom seems to be the

most likely agency to promote the disruption of the latter

;

for the forces on the nuclei arising from such collisions

appear to be greater than can be produced Dy any other

agency at present available. Considering the enormous
intensity of the forces brought into play, it is not so much
a matter of surprise that the nitrogen atom should suffer

distintegration as that the aparticle itself escapes disrup-

tion into its constituents."

Further developments will no doubt be awaited with

interest.— I am, &c.,
F. H. LORING.

June, 1919.

NOTES.

Glue.—A good sterile glue can be made by taking

—

Glue, 50 ; water, 50; glycerin, 2; calcium chloride, 2;

thymol. I. Melt and use hot.

The Annual Report of the British Science Guild was

presented by Sir Richard Gregory at a meeting held in the

G ildsmiths' Hall on June 17. The chair was occupied by

Lord Sydenham, who, at the conclusion of the Offici I

business, gave an address on "Science and Labour

Unrest." His Lordship suggested that the labour unrest,

so manifest at the present time, is due to the triumphs of

applied science, and also that science in its broadest

aspect can provide the remedies and secure industrial

peace. In a broad sketch commencing with Primitive man
and the means he had to employ to enable him to main-

tain his existence, and ending with the present day

mechanic, he showed how science by the recognition of

principles and the invention of appliances to minimise

manual exertion, has completely changed the character of

labour, at all events of the educated European. The

advantages and evils of trade unions were discussed, and

the immediate need for grappling with the housing

problem and the bettering of the conditions of the working

classes was pointed out. In conclusion Lord Sydenham

insists that every manual worker must honestly put

forward his full effort within the agreed hours of labour,

and there must be no idlers in this country. "There can

be no room for them in the strenuous times which we must

face. Knowledge we now have in abundance. Our future

existence as a nation and an Empire depends upon

whether we have wisdom in all classes. Science, which

has unconsciously caused some of the evils which we must

remove, can now point the way to the restoration of

national prosperity. Education, which — imperfectly

assimilated and sometimes ill directed—has contributed to

the ferment of wild ideas from which the world is now

suffering, may in time be able to implant an understanding

of the fundamental laws of national and industrial

economics. It will at least increase the flow from the

Notes Chemicai. News,""-^'
June 27, 1919

ranks of manual hbour to that of brain work, which is

now f,ir more than ev?r impcrtsnt to industrial and com-
mercial progress " At the conclusion of the additss Sir

J. J. Thomson in a brief speech referred to the activity of
scientific research during the war, and pointed out the
necessity for scientific education far all classes, but parti-
cularly for those who took a piomincnt part in the affaijs

of men. He also drew attention to the changes that were
being made in the examination system, from which gocd
results could be expected.

UNIVERSITY OF BIRMINGHAM.

for

FACULTY OF SCIENCE.
DEPARTMENT OF MtTALLURGY.

rhe Council invite aoplications
LECTURESHIP IN METALLURGY.

Stipend
;f300 p»r annum.

Applications and testimoniaU (one copy) should be addressed to the
undersigned not later than Ji'Lv 3, 1 19

Further particulars may be obiained fr jm —

GEO. H. MORLEY, Secretary.

PORTSMOUTH MUNICIPAL COLLEGE.
Principal—OLIVER FREEMAN, VVh.Sc , A,R CS.. B.Sc

A ppiicitions are invited for the following
*• ^ Appointments at September next:—

CHEMISTRY AND NATURAL SCIENCE DEPARTMENT.
Two Lecturers for CHEMISTRY. In one of the appointments

a teaching knowledge of Pharmacy will be a recommendation.
One Lecturer for FH.\RM.\CV, A teaching; knowledge of Che-

mistry aed Botany will be a rec'immendation
One Lecturer in NATURAL SCIENCE.

Salary, jf^oo— o -250, then by £35 eich four years to ma.\irnum of

iThe commencing salaries in the scale will be Hxed according to ilie

candidates' qualifications and experience).
Application form and further particulars may be obtained by for-

wardi g an addressed foolscap envelope to the Secketauy, Offices for
Higher Education, Municipal College, Portsniouib, to whom applit:a-

tions should be returned as early as possible, accompanied by copies of
not more than three recent testimonials.

H. E. CURTIS, Secretary.

RUTHERFORD TECHNICAL COLLEGE.
NEWCASTLE-UPON-TYNE.

Principal— Mr. C. L. ECLAIR-HEATH, \Vh Sc, A.M.I.M.E.

''phe Newcastle-upon-Tyne Education Com-
•^ mittee invites applications for the .Appointment ol CHIEF
LECTURER IN CHEMISTRY from gentlemen who possess the
following qualifications —

(a) Works and Laboratory experience in the Chemical industry.
(h) Good training at a University or Technical College in Chemistry

and cognate subjects,
(t) A degree or ita equivalent.

Commencing salary £.350 per annum.
Applications, in the candidate's own handwriting, on forms which

may be obtained from the undersigned, must be returned not later
than July 12. 1919.

PERCIVAL SHARP,
Education Offices, Director of Education.

Northumberland Road, Newcastle-upon-Tyne.

Tf in good condition, Sixpence per copy will be

paid for any of the undermentioned numbers of the CHEMICAL
NEWS .^-hich may be forwarded to this office :—

3o!2, December 6th. igiS.

3066, January 17th, '919.

3068, January 31st, IJ19.

5069, February 7th, 1919.

3070, February 14th, 1919.

3075, March 21st, 1919-

16, NEWCASTLE Street, Farrinodon Street, London, E.G. 4.
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note on low frequency micro-

phone hammers 47
simple tuning fork generator for

sine • wave alternating cut-

rsnts, 47
Campbell, A., " Petroleum Re-

fining '• treview), 132

Ca>iad», so(la-asii in, 17S

Caniidi<n chemists, organisation

ot, tot

mission in London, 200

Candv. U. C H., :ind A. P. Luff.

{See LulY, A P.)

Carbon, allotiopy of. 301

eic-ctrodcs. sttreoscop'C radio-

graphs f 286

used in steel making furnaces.

X-ray examination of, 250
graphitic, 263
111 bteel. determination, 243
sorption of iodine by* 8

Cartel, S. R., chloiinaiion of

benzene, 359
Casein waterproof glue, 300
Casseroles gla/e of, soluble lead

in. 176. 275
Catalytic anions at solid surfaces,

310
Cauwood J. D . Constance Muir-

head, and W.E.S. Turner,
properties of the lime soda

glasses, 106

Ces. ri.M , substitutionofalbumen
from h^irse blood foi white of

egg in cooking, 177

Chalmers. T. W.. " Produiflton

and Treatment ol Vegetable
Oiis "

( evicw;, 29I

Chamber?^, ii.. V., water soften-

• ng. 27
Chapin, K. M., arsenious oxide as

a standard Eubsian';e in iotii-

metry, 1S4

Chapman, A. C , mineral yeast

285
ChateUt. C, and P. Nicolardot.

{See Nicolardot. P.)

Chauvicrre. M., new reigent for

bases and acids, 2 3
Cheini:.il ;ifhnily. atomic stru^ure

and. 145- '68

industries, public policy and, 227

luminescence, 204

Society, 21. 35, 7'. U3. t/G. 202

library, 11

Chemicals, control of, 19

Cheniistiy, inter -allied conference

at Pans, 259
physical, and its beating on the

chemical and allied industries,

>S9> '71* i^i« '94< 2j6,2I9
relate nships in, 1^3

Chemists, pivotal men, 29
Chesti.uta, horse, analytical e.\-

aminatioa, 254
Chicago, Fifth N.itional Exhibi-

tion ol chemical industries, 237

China and earthenware, German,
importaiiJa into Amciica, igo

Chlofamiue'T, manufaiJluie of,

67i77
Chlotination of hydrocarbons, in-

fluence of catalysis on. 91

Chlorine index as a comparative
measure ol the lichness of

soils in humus, 190

Chrce, C , magnetic storms of

March 7-8 aud Aug. 15-16,

19 a, 164
Chrome-vanaiium steel " V," 288

Cinchonine isomers, rols of a- and

^ - oxydihydtocinchonincs in

the prjdudtion of, 191

Clark, W. B , volumetric deter-

mination of reducing sugars,

I 140, 151

Clarke, b. W,, and G. Steiger,

inorganic constiiuenis ot

lob&tcr shells, 125

W. h., and W. D. Collins. (See

Collins, W. D.)

Clouds, measu ements of water in

IS4
Coal, bituminous, four visible in-

gredients in blinded, 7

chcmisti V of, iOi

conscrvatiou, ZiS

export of, 250
oxidation ot, 50

Cobalt in ores and alloys, rapid

method for determining, 297

Coffiquicr, C, and P. NicoUtdot.

(See NicoUrdot, P.)

Cohen, J ,
" Organic Chemistry

for Advanced Students " (re-

view), 107

Colin. H., u<iliR:>ti'>n of glucose

and lavuiosj by the higher

plants. 240
Collins, VV. D.. and W. F, Clarke,

lead in pharmaceutical zmc
oxide, 309

Colloid chemistry, report on, 263
Colloidal fuels, 244
panicles, weigtiiiig. 261

Colver, E. dc VV. S. " High Ex-
plosives " (review). 155

Converter plant, order ot Minis-

try of Muniiions. 130

Copaux, H , method o( treating

beryl tor the cxtra^ion ol

glucinc, 21G

Copisarow, M., «llotropy of carbon,

301
theory of allotropy, allotropes,

and all Jtiopoids, 265

trinitrotoluene residues and
iheir utilisation, 13

Copper, sensuive reatf\ion of, 215
sulphate, order of the Ministry

01 Munitions, 2uo

C>ppin, N.G. S., and F. Holt.

method for the dtteimina-ion 1

of moiiochloibcnzene iu mix-

tures containing benzene,
monochloi benzene, and di-

chlorbeiizeiic, 176

Cirnec, E., spe^rographic study

of the ash ol maiine plants,

251
Costc. J. H , snd E. T. Shel

b urne.elr(5\r'calcondu<5tivity

o[ milk. 176
Cotton hairs, existence of daily

growth rings in the cell walls

of. 154
Coursey, P. R-i simpiifi-;d in-

ducUnce calculaiioQs, i6b

CowIpv, W. L., and H Levy,

vibratio i and strength of

struts and continuous beams
under end thrusts. 94

Cramer, VV., and W. E Bullock.

(5« BuJ.Lk, W. E.) I

Crookcs, Sir W , acquired radio-

activity, 2^9. .-41

funeral, 189

obituary, 169

Crops, winter, of cereals and oil-

8ctd>, extent of lanJ under,

251
Crowe, T. B., a^ion of cyanide

solution m dissolving gold, 95

Crucibles made ol alloys 01

pla iuum and gold, aftion of

alkalis ou, 179

Cupnc hy-iate, solubiliiy in

sodium and potassium hydr-

oxides, 83

Cyanide gau^e, analysis of double,

236
Cyanogen compounds in con-

cent rated ammonia liquor.

Cyclisaiion by elimination of a

nitro-^roup, 263

D ALTON, Capt J.,

8. Elhoit "

and Major
(See Elliott. S.j

Danne. J., obituary, 154
Danvillier, A , and E. Ledoux-

Lebard \See Ledoux-Lebard,
E)

Davidson, Sir J. M., obituary, 177

Davies, Ann C , and F. Hoiion
(See Hurion, F.)

Davis. A. Ii., w. G. Duffield. and
r. H Burnham. (See Duf-
field, W. G )

Besteiro, U. C, and M.
Michcl-Durand, influence ot

light upon the absorpii 'n of

the org.iiuc matter ol the soil

by plants, 203
osia J D., and J. N. Rakshit-

{See KKkthii, J. N.)

Deakin, R. H , analysis of brass

ingots from swarf. 193

Dearie, R C, amis ion and ab-
sorption in the intra-red

spedtra of mercuiy, zinc, and
cadmium, 81

Dehydration, relation to agricul-

ture, 192

De

D'i

Dchydfoge lation, catalytic, by
uickel in presenceof hydrogen,

239
Dem'usev, E., and L. Maquenne.

{See Maquenne, L.)
Dennib, L. M., and J. A. Bridg-

man, ^allium, 245, 256, 271,

281, 290, 305
and B. L Lemm, ele^rotysis

of solutions of the rare earths,

267
Dew pond, construiflion of, 190
Diamonds, 190

in Brazil, 300
Kimberley, especially cleavage
diamonds, 31, 38, 55, 64

DinxiiidoU, a^ijn of phenyl
hydrazines on, 264

Divinfeftan', bori. acid as, 263

eledlrolytic. in infljcnza, 48
Dissociation, cletftrolyiic, 6t

Dobbic, Sir J., and J. J. Foi, con-
stitution of sulphur vapour,

131
Dogs, bites of rabid, 238
Dolomites, American, 181

Domestic srrvice, scientific trac-
ing lor. 215

Doyle, Lieut. G. R , convenient
method of analysis ol fluorsp.tr

and of basic slags containing

fluoriiis, 304
Druce, J. G F., estimation of

niiro-groups in organic com-
pounds by means of stannous
thloridf. 133

prepar.ition ol organic stanno-

and stanni-chlortdes, i, 87

D>y ceil. 237
Difhc'd, VV. G., T. H. Burnham,

and A. H. Davis, pressure

upon tne poles of the elei5ttic

arc, 132
Dunstan.K,, acoustic experiments

in connetflton with whi^tles

and flute-*, 167

Dye industry. 235
benzol and, 23!*

Dyeing experiments. 1G8

Dyc-stufff:, Domini m produtfls,

'3»
,

import of, 3to
Dynamics, mechanical philosophy

and the second Uw of, 183

EARTHS, rare, electrolysis oi

solutions of, 2G7

Eastern Kodak Company, list ol

pure tncmn:als, .78

Eccles, W. H , vcftor diagrams

of some oscillatory c rcuits

useJ with thermionic tubes,

^^5 . ^
and F. W. Jordan, small direct-

cuirent motor using therm-

ionic tubes. 166

Ecuador, manganese deposit in.

250
Edmondson, j. S. and G. Stsson.

(See Sisson, G )

Education, industry and higher.

Edwards, F. G., mechanical
philosophy and the second law

ol dynamics, 183

and surface tension, 271

nuclrar atoms, 155

Egg. subsiitution ol albumen from

hoise blood for white of, iu

cooking. 177
EglofT. G ,

and W. Malis^'ff. (See

Malisoff, VV.)

Electric arc, pressure upon the

poles ol, 131

waves, transmission round the

earth, 106

Eleftrical effeft in vibrating

metals, experiments demon-
strating. 70

Eleancity, standard lor the mea-
surement of, 233

sialic, obtaining Irom an in-

duiHioD coil, 178

Elctftiolysis of solutions of the

rare earths, 267

Electrolytic dissociation. 61

I
Elcftron,ring. the case for, 137,

I M9
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Ele(5lrons in heliutn, experimental
determioation of the ionisa-

tion polenlial for, Sz

Elements, chemical, conception

of, ns enlarged by the study

of radio-ai5tive chaoge, 83, 97,

109
Elliot, Major S., and Capt. J.

Dalton, method for the deter-

mination of small quaniilies

of acetone, alcohol, and
benzene in the air, 168

Employment of officers, 226

Emulsions and colloidal solutions,

8^ Josmosis and, 215
English, S.,and W. E.S. Turner,

properiies of the lime soda

glasses, 106

Equations, Poisson's and Lap-
lace's, two dimensional solu-

tions, 105
Etchells, G. F, " Mnemonic

Notation for Engineering
Formula " (review), igS

Ethane. a<f\i.)n of phenyl mag-
nesium br:>mide upon the

polyhaiogen derivatives oi,

264
Ether vapour and air, spontaneous

ignition of mixtures of, 240
Exhibition, British Scientific Pro-

ducts, 34, 118

Science Guild, iSg

Canadian National, at Toronto.

300
in Athens of British manu-

fafturcs, 186, 286
of Lhemical Industfies, Chicago,

237
Swits Trades, at Basle, 202

Explosions, photographs illustrat-

ing pressure in, 2S5

Eye proiedtion in weidmg opera-
tions, 250

pACTORS, handy, 139

Faraday Society, 7, 24
annual ge.iera' m:eting,io
joint meeting with Kbntgen

Society, 236
Farmers and leililisers, 2S7

Fatly to aromatic series, new pas-

sage of, 191

Federation of British industries,

10, 104
Feitilisers, farmers and, 287
Fielding. W. R., determining the

composition of a mixture of

similar salts of two metals,

107
Finance for trade. 20
Flax control board, 236
Fluid motion, cases of ihrce-

dimen^ional, 70
Fluorallyleihyl ether, bromfluor-

propyieih. 1 ether and, 239
Fluorine, basic slags containing,

convenient method of ana-
lysis, 304

Fluorspar, convenient method of

analysis, 304
Fluxes, soldering. 83
Foiliculina boltoni. S. Kent, 336
FoDzes-Diacon, M., stability of

javel exiratft, 275
Foods, osm >tic pres-ure and pre-

pared, 215
Foodt-tuffs, export to Germany,

260
Fordyce, L,. and D. M. Torrance,

analysis of prune kernels, 242
Formaldehyde, polymerisation by

alkalib, 239
Foster, C, illness of, 72
obituary, 95

Fox. J. J., and Sir J. Dobbie. {See

Dobbie, Sir ] }

Franck, C. E., analytical examin-
ation of acorns and horse
chestnuts, 252

Francois, M, method of estimat-

ing metals by cle(5lrolytic de-

posit without the use of ex-

ternal elciftric energy, 83

Frankland, P. F., retirement of,

108

Freak, G. A., and W. Beam. {Set
Beam, W

)

Frederick, R C, improved method
for the estimation of nitrates
in water by means of the
phenolsulphonic acid rea(5tion,

298
French, J. W ,

" Applied Optics '*

(revitw). 262
Fruit of the Pyrus Americana, 92
Fryer,? J. examination of com-

mercial samples of nicotine,

297
Fuels, colloidal, 244
Fuller, D. S.. J. C. McLennan,

and D. b Ainslie. (See
McLennan, J C )

Funk, Ruth S., and F.W Tanner.
{Sc-c Tanner, F W.)

Furnaces, elei^tncal muffle, 263

ri ALLIUM, 245. 256, 271, 281.
^~J 290, 3C5

purification by eleiflrolysis, and
the compress: bit ity and deu si ty
of, 144

Gardiner, C. L, Silurian rocks of
May Hill, 298

H. A-, casein waterproof glue,

300
Garlorih, Sir W., photographs il-

lustrating picBsure in expl)-
EOns, 285

Garvin and Porfevin, MM. (See
Porlevin)

Gas evolution when fused sodium
hydroxide is dissolved in
water, 251

from straw, 41
works retort carbon, order of

the Ministry of Munitions,
200

Gases, kalharometer for measur-
ing purity, 2S6

monaiomic, spciflra of, 70
occlusion by metals, 7
in steel, 9

specific Rravity apparatus for,

283
Gaudiun, G., and P. Saba tier.

(See Sabatier, P.)
Geological Society, 274, 298
medals and awards, iSo

Geology o( Palestine, 274
Geraaiot, consiitution, 191
German iron industry without

Minette ore, 238
Germany, export of foodstuffs to,

260
Ghosh, P. N , colours of the

bU\t£ in mica, and the radia-
tion from laminar diffrai5ting

boundaries, 310
Gilligao, A

,
petrography of the

millstone grit series of York-
shire, 298

Giua, M ., and CUra Giua Loilini,
" Chemical Combination
among Metals " ;review), 22

Giua-LoUini, Clara, and M. Giua.
iSc0 Giua, M.)

Glass industry of the United
States, impressions of, icG

measurement of thickness ol

film formed on, 295, 306
pots, pre paratioo ot raw raa

terials and casting, 177
vessels, permsneot marking of,

161

Glasses, lime soda, proper. ies of,

106
Glazebrook, Sir R., metrology in

ihe industries, z6i
Glucine, treating beryl for extrac-

tion of, 216
Glucose, utilisation by the higher

plants, 240
Glucoside, a new, loroglossine,

204
Glue, 312
casein waterproof, 300

Glues, amber, 215
a-GlycoIs, molecular trauspoBi-

lions of, 191
Gold, a(5^ion of cyanide solution id

dissolving, 95
use of ortho-toluidine as a

colorimetric test for, 162

Granger, M. A., zirconia, its

utilisation as a refra<5)oty sub-
Btaiice, and opacifier and un
abrasive, ii<}, 121

Graphitic carbon and graphitic
acid, 263

Gray, G. W., and J. Smith, esti-

mation of phosphoius in the
presence of tungsten, 258

Greek Exhibition, 186, 288
Greenwood, M., C. Hodson, and

A. E, Tebb, report 00 the
metabolism of female muni-
tion workers. 274

Grey, A., gyrobtatics and rota-
tional motion. 177

Guinea-pig, dental changes in the
leeih of, produced by a scor-
butic die*, 118

Guttentag. W. E ,
" Petrol and

Petroleum Spirits " ueview),
225

Gyrostaticsand rotational motion,
177

LTACKH, I, VV. D., system of
'' Elrudture symbols. 2S9
Hadfield, Sir R , examination ot

materials by X-iaya, 236
stereoscopic radiographs of large
carbon e'e(5trodes, 2S6

and S. A. Main, X-ray examin-
ation of carbon cledlrodes
used in steel making furnaces,
250

Haenni, P., and V. Ivohlschutter.
(See Kohlschutter, V )

Hageman, A M., contribution to
the chemistry of telluiium
sulphide, 212. 217

study of the preparation of cer-
tain organic salts of tellurinm,

169
Haldane, J. S , army form of ap-

paratus for continuous oxygen
administration, 285

Hale, A. J..
" Applications of

Eie(5lrolysi3 in Chemical In-
dustry " (review). 201

G. E., photographs of the Zee-
man effe(5t in the spedtra of

sunspots, 285
Hardware and Engineering Sup-

plies Co., Ltd., amber glues,

215
Harris, L. J., methods of calculat-

ing added water in milk, 99
Hatvey, T. P., and F. Mackiey,

analysis of mercury and zinc
cyanide and ot double cyanide
gauze, 236

Hatfield, W. H., '* Cast iron in

the Light of Recent Research"
(review). 20I

Havelock, T. H-, wave resistance,

70
Hawkins, H. L., morphology and

evolution of the ambulacrum
in the echinoidea, 175

Heath, Sir F., the Government
and the organisation of
scientific research, 127, 134

Helium, cletflrons m, experi-
mental determination of the
ionisation potential for, 82

rapidly moving striated dis-

charge in, 2S6
Henry, T. A., appointment, to8
Hibbert, Eva, and E. Knecht.

tSee Knecht, E.)
Hicks, W. M., critical study of

speiftral series, 70
Hierarchical order among the

correlation coefficients of a
numbtr of variates taken in

Paris, 105
Hilditch.T. P., and E. F.Arm-

strong. (S« Armstrong, E F.)

Hildt, E., determination ot
ladlose, 83

Hill, L , and H. Ash, cooking and
evaporative powers of the
atmosphere, as determined by
the kata-thermomeler. 7

Hodgson, G. H., notes on the
rapid estimation of lead in

brass and alloys, S7

Hodson, C , M. Greenwood, and
A. E. I ebb (See Greenwood.
M.)

Holt, F., and N. G. S. Coppin.
(See Coppin, N. G. S.)

Horsch, M., method of rapid re-
du(5lion ol potassium chloro-
platinate, 191

Horlon. F , and Ann C. Davies,
experimental determination
nf the ionisation potential (or

eleflrons in helium, 82
Hubbard, G. conctruction of a

dew pond, 190
Humus, richness of soils in,

chlorine index ad a compara-
tive measure, 190

Hydrocarbons, influence of cata-
lysts on the chljrination of, 91

Hydrogen atoms, mobility in
organic molecules, 264

occlLision by the metallic ele-
ments, 275

T LFO RD, Ltd., photographic
* plates, igo
Imperial war relief fund, 226
Import restrii5tions, 95, 235, 250,

2
Indicator, new form of CO3, 251
Indigo, revival uf, 232
Induiftance, simplified calcula -

tions, 166
Indu(5tion coil, obta-ning static

electricity from, 178
Industry and higher education, 273

application ot tcience to, 299
Inledtion, badt*^tial, new factor in

mechanism of, 118
Intlutnza. eleflrolytic disinfedlant

in. 48
Inglis, J. K. H., manufadiure of

chloramine-T, 67, 77
Institute of Chemistiy, 168
annual general met-ting, ng

Institution of Civil Engineers, 72
of Elri^rical Engineers, i83
of Gas Engineers, annual

general meeting, 299
Instruments for measuiiog minute

susceptibilities, 285
Iodides, alcoholic, ntflion on

nejtral sodium phosphate in
aqueous solution, 191

lodometric equivalents, 231
lodometry, arsenious oxide as a

standard substance in, 184
Iodine determinations, technique

of, 182
sorption by carbon, 8

Ionising paiticles. stereoscopic
photographs of tracks of,

through air, 2tJ6

Iron and Steel Institute, annual
meeting, 202

Iron and steel, phosphorus in, de-
termination, 100

induhtiy, German, without
Mmeite ore, 238

J
-RAYS, spectral strudture of

240
Jackson, Sir Henry, and G. B.

Bryan, experiments demon-
strating an eleiftrical effe»il in

vibrating metals, 70
Sir Herbert, address to Institute

of Chemistry, 119
P. G., 'Boiler Feed Water"

(review), 299
Javel extra(5t, stability of, 275
Johns, C, physical properties of

metals as affedled by their
occludtd gases, 8

fohnson, C. M., determination of
phosphorus in vanadium
steels, feiro-vanadium, non-
vanadium steels, and pig iron,
113

Jolibois, P., and A. Sanfourche,
constitution uf nitrous fumes,
igi

Jones, v., and G. S. Woodhcad.
(See Woodhcad, G. S.)

Jordan, F. W.,and W. H. Eccles.
(See Eccles, W. H.)
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TZAOLIN deposits, new, 237

KjiJL-thernioraeter, cooling and
evaporative powers of the
atmosphere, 68 determined
by. 7

Katharomeier for measuring the
putity of g^ses. jS6

Kellas, A M , determination ol

the tnoleculjr complexity of

liquid sulphur, 47
Kelp, nttlcr 01 the Ministry of

Munitions, 142
Kennar<U Major E , exhibition in

Athens of Briti:vh maaufac-
tures. 187

King, P. 1^., water softening, 14

Knecht, E , and Eva Htbbert,
" New Kcduflion Methods in

Voluin-tric Analysis " (re-

view), S3
KohUchuiter, V , and P. Haenni,

graphitic carbon and graphitic
fic d , 263

Kokatnur, V. R., influence of cata-

lysts on the chlurinatioii of

hxdrocarbuns, 91
Komninos, I., new pai>sage from

the fdity to the aromatic
seiies, 191

Komrinus, T., new synthesis of

aromatic from fatty com-
pciur.ds, 83

Krause, H., new method of deter-

mining oxalic acid, 239

T AC rOSE, determination of. 83

Ltcvuiose, utilisation by the higher
plants, 249

Land affe£led by clover sickness,

seed mix:ur<:s for, 164
Lang. R. J . and J. C. Md-cnnan.

{See McLennan, J. C.)

Lapicq '.c, I.., and K. Barbe.
chlnitne iudex as a compara-
tive measure ot the richness
of soils in humus, 190

Le Chateiier, H ,and B. Bogitch,

he crogeiieity ol steel, 23
Lead in brass and alloys, rapid

cstim.tion, 37
tn pharmaceutical zinc oxide,

309
soluble, in glaze of casseroles,

176, 275
Leather, willow calf, 95
Li-doux-Lebard, K , and A. Dan-

vil ier, spetftral struAuic of

the J-rays, 240
Lee, T. H., two new zircon

m nerals, orvtiiite and olivear

aite. 125
Lcger, E., a- and ;9-oxydihydro-

cinchonines and their role in

the production of certain

isomers of cinchooine, 191

Lemon. B.J, nd L. M Dennis.
{See Dennis, L. M.)

Levy, H., and \V L. Cowley.
{Sfe cnw.ey. \V. L.)

Liquid surface, nature of, 292
Lilschitz, J.,

rcsearc'tes on chemi-
cal luminescence, 204

Light, diffusion by molecules of

air, 203
influence upon absorption of

oi(;anic matter of soil by
plants, 203

scattering by solid substances,

Linal9ol, constitution, 191

Lobster shells, inorganic con •

sttuenis of, 125

Lodge, Sir U , science and war,

104
Lord, VV, determination of phos-

phorus in phosphor tin, 254
Loring, F. H., atomic BtruClurc

and chemical afhuity, 143, 168

disruption of the nitrogen atom,

3t'
Loroglossine, a n«w glucoside, 204

Luff, A. V , and H. C. H. Cancty.
•' Manual ol Chemi tiy" (re-

view), iSg

Luminescence, chemical, 2t4

Luptoii, H., and li, Newberry.
{See N twbery, E.)

L)&orophus, btru(hure as exposed
by seiial seiflions, zy^

McBAIN, J. W., theories of

occiubioQ, and the sorption
of iojine by carbsn,

8

McCance, A., balanced reatfli >ns

in steel manufacture. &

McLennan, J C, D. S. Atnslic,

and D. S. Fuller, vacuum aic
spcClra ol various elements in

the tx'.reme ultra-violet, 81

and K. J. Lang, investigation
oi extreme uilra-violet spc<5tra

with a vacuum grating spec*
trograph.Si

and J F T. Young, absorption
spectra and lonisation poten-
tials ot calcium, strontium,
and barium, 81

Maikley, F.. and T. F. Harvey.
(See Hatvey, T. F.)

Magn^ tic itoims of .March 7—8,
and Aug 15—16, igi8, 164

EU-iCeplibHicies of low o:dcr,
measurement ol, 82

Maillard, I-. C, determination of

arsenic in vuUttle cacodylic
compnuDdii, 276

Main. b. A , and Sir K. Hacli:ld.
{See tiadfiekl. Sir K.)

Maltb fT, W., ana G. Eglofl,

m thane, Co
MaUock, \ . a.'iaratus u>e.i in the

mcasurcmeiit oi the growth of

trees. 285
r.ote on the ela&ticily of metals

as affeCied by temperature, 94
Manganese depj^it m Ecuador,

250
Mannich C, polymerisation of

formaldehyde by a>kal s, 239
Manure, caution as to useless, 288
cow and nortie, changes in a

fc: menting mixture i»f, 177
Maquenne, L , and E. Dcmoussy,

bcnsitive reaiition ol copper,

215
Margai ines and their richness tn

butler, 203
Maitin, L. C, transparency ol

biotite to infra-red radiation,

164
Martinet, J., mobility of hydro-

gen atoms in orga >ic molc-
C'llcs, 264

Mary, Albert and Alexandre, inver*

eion olcane-sugat by colloidal

sttica, 59
Masters, Helen, note on soluble

lead in the glaze of casseroles,

176, 275
May, F ,

*' Chemistry ot Syn-
thetic Drugs " (review), 71

Mechanical philosophy and the

second 1-iw of dynamics, 183

and surtacr tension, 270
Mcgg-is, W. F., K. Burns, and

P. W. Merrill {See Burns,
K)

Mellicrc, M. G., determination of

^uIphulic acid and sulphates,

251
Melting-points of chemical cle-

iiicnis and other standard
temperatures, 129

Mcrcuiy and zinc cyanide and
double cyanide gauze, ana-
ly.siH. 236

emission and absorption in the
infra-red speftra *d, 81

fulminate and same of its im-
purities, 239

Merrill, F. VV., K. Burns, and
W. F. Meggers. {See Burns,
K)

Mcrton. T. R., and J. W. Nichol-
son, note 00 the intensity

decrement in the Balmer
series, i8S

Metabolism of female munition
workers 274

Metals, chemicals, machinery, and
plant, control o', 19

Metitls, determining the ccmpos.-
lion of a mixture ol similar
salts of two, 3, 107

elasticity of, as ^iffstfled by tem-
perature, 94

estimating by eIedlrol)lic de-
posit without the use of ex-
ternal elciflric encrey, 83

inter-crystalline fradlure under
prolonged application of stress,

i8->

physical properties of.asaffedted
b) iheir occluded gases, 8

vibrating, expedments demon-
strating an eU^rical effc^ in,

70
Metallic elements, occlusion of

hydrogen by, 275
Meih:ine, 60
Metre system in Belgium, 299
Metrology in the industries,

261
Mexican inserts in poultry food,

297
Mica, colours of the sliia: in, and

the radiation from laminar
diffraifling boundaries, 310

Michael, A., configurjtion^ of

organic compounds am.', their

relation to chemical and
physical propct ties, 16, 30, 42,

53 68,77
Michel-Dntaitd, M , and D. C.

DcBrsteiro. (5(;f DcBe^iieiro,
U C )

Microphone hammeis, low fre-

qje!icy,47
Milk, calculating a ded water in,

eleftrical condudliviiy of, 176
substitu'e for, 177

Mineral elements .-.nd nitrogen in

etiolated plants, distribution.

144
Minerals, radio-aiflivity and the

c iloraiion of, 144
Ministry of Munitio s. CO itrol of

metals, chemical >, machinery,
and plant, i j

order as to ammonia and am-
moniacal produdls, 142

acetic acid, grey acetate of
iimt*, and acetone, 12

bismuth ores, binmuth metals,
and ptodudls therefrom, 142

blast-iurnace dust, 200
conveiter plant. I30
copper suipha:e, 230
gas workt retort carbon, 200
nitrate of &oda, 200

p tassium compounds, kelp,

142
rosin and rosin oil, 130
seedj. oils, and fats, 154, 225

Moles, E.. thermic decomposition
ot certain i orginictrinitiides,

178
Molybdenum, the w.tr and. 238
Monochloi benzene in mixtures

containing benzene, mono-
chlorb-nzene, and dichlor-

benz-iic, 17O
Montgomery, j. F

,
pioduftion of

nitrogen compounds, 162, 173
More, A., and G. biubbs. 'See

btubbs, G.)
Morphine in Indian opium, esti-

in ition, 298
Morns. MacG., poitable apparatus

lor measuring air currents,

285
Moser, L., yellow cuprous oxule,

215
Motor fuel problem, 49
owners further ai5lion, 132

small direi5t -current, using
thermionic tubes, 166

spirit licences, 236
transport amenities, 155

Moudgit, K. L.. and T. S. Patter-

son. (See Faticrson, T. S.)

Mueller, J , solubility of cuptic

hydrate in sodium and potas-

sium hydioxiwn, 83
Muirhead, Constance, J. D. Can-

WMod, anj W. E. S. luruer.

(.S« Cauwood, j, D.)
Munition workers, metabolism of

female, 274

MASH, E. A., haudy faftors,
^^ 139
National Association of Industrial

Chemitts, 142
Neon, measurements of wave-

lengths in the spe^rum of,

194
rapidly moving striated dil*
charge in,2t6

Nerol, constitution, 191
Nesslcr reagent, recovery o*", 81
New Transport Co., Ltd, 297
Newill, F. H .Hale's photographs

of the Zeeman effeift in the
speftra ^f sucspois, 285

Newbery, E , and H. Lupton,
radio aiflivity and the colora-
tion of minerals, 144

Nicholson, J. W., and T. R.
Merton. {See Merlon, T. R )

Nickel, catalytic dehydrogenation
by, in presence o" hydrogen,
239

in cres and alloys, rapid method
for determining, 297

'

Nicolaeva, V.. and S. Reich. (See
Reich, S )

Nicolardot, F.. and J. Boudet, re-

searches on mercury fulminate
and some of its impurities,

239
substitutes for platinum elcc-

iroljtic apparatus, 179
and C Chatel u, a-iiion of

alkalis on crucibl s made of
alloys of plat num and go'd,

and C. Coffiquier, a^ion of
alcoholic potash on resins,

264
and A. Keglade, determination
ol zi'cooium, 179

Nicotine, examination of com-
mercialsamples, 297

Nitrates in water, improved me-
thod for estimation, by means
of the phenolsulphonic acid
re.i^ioa, 238

Nitric ox de. oxidation by dry air,

179
Nitro-groups in organic com-

pounds by means of stannous
chloride, 133

Nitrogen and mineral elements in

etiolated plants, di.^tiibution,

144
atom, disruption of, 311
compounds, produ(5tton of, 1G2,

>73
fixation, war research on, 286
dioxide, oxidation in presence

ol water, 179
Nirous fu 1 es, constitution, 191
Notes and queries, calcium car-

bids. 24
composition of match heads, 24
ernolith. 120
manu'afture of bleaching

powder and soda ash, 12

Ogston method for analysis of
citrate ot lime, 216

phosphate of soda, .'4

Russian or fi.h giue, 12

Nucleir atoms, 155

OBITUARY, Crookes. Sir Wil-
liam. 169

Dunne, Jacques, 154
Davids jn, Sir James .Mackenzie,

Foster. George Carey, 95
Pickering. Edward Charles, 143
Rcdwo d, Sir Boverton,3it

Occlusion, theories ol, 9
Olhcer's guide to civil careers, 296
Oil of Leratotheca sesamoides,

297
Oliveiraite, 125
Opium, morphine in Indian, esti-

mation, 29S
Optical afiiviiy, researches in,

277
OiekhofT, A , researches on mole-

cular transposit'ons ol a -

glycols, 191

Organic compounds, configura -

tions of, and their relation to

chemical and physical pro-
perties, lO, 30, 42, 53, 68, 77
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Orraandy, W, R., motor fuel

problem, 49
Orlho-toluidine as a Cflorimelric

test for gold, 162

Orvillite, 125

Oscillatory circuits, ve(5^or dia-

grams of some, used with
thermionic tubes, 165

Osmosis and emulsions, 215

a and jS-ux3dihydrocinchonines
and iheir role in the produc-
tion of i&omers of cinchonioe.

Oxygen, a revolutioniser of iti-

du-ttry, 180

adminibiriitiag, army form of

apparatus for, 285

Iquid, container and vaporiser

flask, 285
occlusion in si ver, g

Oxymehylene camphor, redui5^ion

produfts of, 192

Ozone, reagent for and method of

determiomg, 216

PALESTINE, geology of, 274

trade catalogues for, 227
Palct, L. J. P., rea(5tion of aconi-

tine, 264
Paper, chemistiy of dendritic

growths in, 236
underwear, igo

Paris, inter-all led conference oi

chemistry at, 259
Partington, J. R., oxidation oi

coal, 30
Pasteur, M , and the medical pro-

fession, 177
Patterson, T. S,, and K. L

Moudgili, researches in opti-

cal adtivity, 277
PatliBon,]. N.,'* Manufatfture of

Aluminium '* (review), 29S
Penard. E , Folliculma boltonia,

S. Kent, 236
Petri'graphy oi the millstone grii

aeries of Yorkshire, 298
Pettijohn, E., meaburemeni oi

the thickness ol film fi rmed
on glass and sand 295. 306

Phenyl hydrazine, a(5lion on di-

oxiiidols, 264
magnesium bromide, a<5lion

upon the poiyhalogen deriva-

tives of ethane, 264
Philip, J. C, physical chemistiy

and its bearing un the chemical
and allied industiirs, 159, 171,

181, 194. 206, 219
Phosphor II n, deiermi nation of

phnsphorus in, 254
Phosphurites and superphosphates

Irom the point of view oi the

sulphur industry, 73
Phosphorus, estimalioii in pre-

sence of tungsten, 258
in phosphor tin, determination,

^54 , . , .

in ateel and iron, determination,

100
in vanadium steels, terro -

vanadium, non • vanadium
steels, and pig iron, deter-

mination, :i3

Photographic plates, igo

Ph>sical Society, 46, 166, 261

annual general meeting, 165

chemistry ana its bearing on
the chemical and allied in-

dustries, 159, 171. 181, 194

206, 219
Pickering, E. C, obituary, 143

G. F., "Aids to the Commercial
Analysis of Oils, r^^ats, and
their Commercial Produi5t^ "

(review), 120

Piezo-eleftiicity, 263
Pineapple, aiftion of ultra-violet

rays on, 118

Plants, absorption of orga-.ic

matter of soil by, influence of

light, 203
distribution of mineral elements
and nitrogen in etiolated. 144

marine, spedtrographic study of

aeh of. 251
utilisation 01 gl ic^fe and lavu-

lose by the higher, 240

Platinum, substitutes for, in elec-

trolytic apparatus, 179
Polanser, new, 167
Pollard, W. B,, use of oitho-

toluidine as a coloiimetiic

test for gold, 162

Poiyhalogen derivatives of ethane,

aifYion of phenyl magnesium
bromide upon, 264

Pope, T. H., "Treatise on Applied
Analytical Chemistry " (re-

view), 59
Poitevin and Garvin, MM,, form-

ation of trnostite at a low tt;m-

pcratuie in carbon steels, 240
Pot iittack, some ohenomena of,

287
Potash, alcoholic, aiftionon resii.s,

264
situation, 227

Potassium chloropia inate, ra; id

reduiflion, 191

Poultry (ood, Mexican inserts in,

297
Powell, A. R., and W. R.

Schooner. {See Schoeller,

W. K
)

PresLOtt, G. C ,
relation of dehy-

dration to agriculture, 192
Pressure gauge, precision, 267
Prices of materials, failing, 5S
Pr^-dlor, H. R., nature ot the

l]qu;d surface, 292
Prune ktrnels, analysis, 242
Pulloian, D . recovery ot Nessler

reagent, 82
Pyridine, aiJliyn upon the coal

subsianc:-, 261

Pyrites fiue dust, extraction of

thallium from, 175
Pyrus Americana, fruit of the, 92

ADIOACTiVE change, con-
ception of the chemical ele-

ment as enlirged by the stu y
of, 85, 97, 109

at^ivity, acquired, 229, 241
and the coloration of minerals

R

144
Radium, 2S7
Raksbit, J. N.,and F. ] D'Costa.

estimation of Indian morph.n-
in Indian opium, 298

Rationing committee abandoned,

35
Rays, ultra - violet, aiflion on

sugar-cane, pineapple, and
banana, 118

Reagent, Nessler, recoveiy of Sz

new, for bases and acids, 203
Redwood, Sir B., obituary, 31

1

Reed, B. B., some American
dolomites, 181

Regladc. A., ard P. Nicoludot.
{See Nicolardot, P )

Reich, S.. an;! V. " i olatvai
cyclisation by e immstion 01 a
niirn group, 2'")3

Resea ch, industrial. Government
scheme for, 130

scientifiCi the Government and
the organisation of, 127, 134

Resins, ai5\ion of alcoholic potash
on, 264

Rhine lenitories, supply of goods
to, 235

Richards, T. W., and S. Bojer,
purification of gallium by
e!ei5\rolysis and the coinpres
sibility and density of gallium,

144
Richardson L. F., measurement

of wattr in clouds, 154
Ridsdilc, V/. D,, noies on the

determination of phosphorus
in steel and iron, 100

Rigni, A ,
" I Fenomei i Eletiro-

atomici sotto I'Azi ire del

Magnelismo " (revi-jw), 201
Rivett, A. C. D,, method tor the

volumetric estimation of sul-

phates, 253
Roberts, li A., employment of

officers, Cambidge University
appointments board, 226

Rocks, Silurian, of May HiU, 298
Roger-^, L.

I , note on the deter-
mination of carbon in steel,

243

Ronlgeu Society, 155
joint meeting with Faraday

Society. 236
Rose, Sir T K., occlusion of

oxygen in silver, g
Rosen, O., preliniii;ary study of

the energy, expe- diiure and
food requirements of women
workers, 274

Kosenhain, W , some phenomena
of pot attack, 2S7

and S. L. Archbutt. inter-
crystailine iraiftiii? of meiats
under prolonged application
of stress, i£8

Rosin and rosin oil, order ol

Ministry of Munai ns, 130
Royal Insiiiution, 6, 3S, 59. &4, 95^

106, 112, 120, 131, 155, iSj.igz.
211, 226, 250, 274
annual meeting. 227

Muroscojiical Society. 236
Society, 7, 70, 81,94,105.118.

'31. I54p 164, 175, 189, 260, 273,
310
convers zone. 2S5

I^ udderham, W., appuintnlciit, 202
Kuph, H.. A. Akermann, and H.

Takagi, reduflion produifls of
oxymethyhne camphor, 192

OAHATIER. P.,andG,Gaudion.
^ catalytic dehydrogenaiion by

nick-1 in presence of h;dro-
gen, 239

Saccharine, determination in

tabl'jids. 06
Salts of two metals, deteimin'ng

composition of mixture of,

without separating into its

consiiiueiiis, 3, 107
Sand, measurement ot thickness

of film formed on, 295, 306
Sanfourche, A , cycle of oxidation

ot nitrogen dioxide in presence
of water, 179

oxidation of nitric oxide by dry
air, 179

and H, jo;ibois. (5^e Jolibois, P.)

Sarjini, R, J., and W. A. Bone,
[Sie Bone, VV. A.)

Saikar, B. K. " Hindu Achieve-
ments in Exact Science " (re-

view), 225
Sausages and meat paste, apprcxi-

mate method of analysi , 168
pastes and Army rations, ana-

lysis, iS-i, 205
Schoeller, VV. R,, and A. R.

Powell, rapid irethod for de-
termining nukel and cobalt in

oies and allies, 297
Schramm, W. H.. evolu'ion of gas

when fused sodium hydroxide
is dissolved in watei , 251

Scien:e and labour unrest, 312
and war, 104
applica.ion to indus'ry, 299
of the future, 12, 25, 44, 51

Scientific writers, linguistic

nomenclature of, 46
Seed mixtures for land afTefted by

clover sickness, 164
Seeds, oils, and fats, order of the

Ministry of Munitions, 154,
225

Shakeepear, G. A., kaiharometer
for measuring the purity of

gabcs, ^86

Shaw, Sir N , ^trudlure of the
atmosphere on selcifted occa-
sions, 2S5

Shelbourne, E. T , and ), H.
Co^te. [See Coste, J H.)

Shippee, V. C, fruit of the Pyrus
AtiT'.ricana, 92

Ships, chances of loss of merchant,
70

Shiitt, F. T., organisation of
Canadian chemists, loi

Silica, colloidal, inversion of cane-
sugar by, 59

precipitJtted amorphous, 179
Silver, occlusion of oxygen m, 9
Sir John Casa Technicallnstitutc,

;

76. 105
I

Sisson, G., and J. S. Edmondsou.
note on the exiraftion of
thallium fr im pyrites flue
dust, 17s

Skinner, S., and R W. Buifiit,
temperature coefficient of

tensil- slf-ength, 165
Slags, basic, containing fluorine,

convenient meiho.lof analysis
3'^4

Smith, I). M , occlusion of hjdro-
gen by the metalic elements,
275

J., and G. W. Gray. (5.ftf Gray,
ti. \V.)

Smithells, Piof., application ol
science to industry, 259

Smout, A. J. G . iodonif tiic <q':i-

valenis, 231
Society of Glass Techmlo^y, 106,

176, 287
aunuat meeting. 21 <

of Public Analysts, 82, 167, i;6,

236, 297
Soda ash in Canada. 178

nitrate, order of the Ministry
of MunilioD9, 200

Soddy. F,, conception of the
chemical elemenisas enlarged
by 'he study uf radio-aiiiive
cha,-ge, 85.97, log

Sodium hydroxide, fused, evolution
o gas wheii dissolved in
water, 251

phosphate, ad^ion of alcoholic
iodides on neutral, in aqueous
solution, 191

Soil, absorption of organic matter
by plants, influence of light,

203
Soils, richness in humus, chlorine

index as a comparative mea-
sure, 190

Soldering fluxes, 83
Soldiers and sailors, employment

of demobilised, 47
disabled, u

Solla , W. J . struauie 01

lysorophus as exposed by
serial setftions, 273

Soiidca, K., and C. Barthel {See
Barthel, C.)

Spedltra, inffa-red, of mercuiy,
zinc, iud cadmium, emission
and abscrpiiou in, Si

of sunspots, phot<ii;raphs of
2eeman cff^dl in, 285

ultra violet, inve?tig.ic on of ex-
treme. With a vacuum grating
spcc'trograph, 81

vacuum aic, of various elemeats
in the extreme uhra-violct. 81

Spe(5tral serie--, critical study of,

70
structure of the Jrsya, 240

Spefti m of neon, measurement
of wave-lengths, 194

Spielmauii, P. E,. and H. Wood,
estin^atioo of cyanogen com-
pounds in concentrated am-
monia liquor, 157

Standards, Biitish chemical, 2S8
Stanno- aud stnuni-chlorides, pre-

paration, I, 87
Stannous chloride, estimation of

nitro-groups m organic com-
pounds by means of, 133

Steel ad iron, phosphorus in, de-
termination, I03

carbon in, determination, 243
heterogeneity ot, 23
manufaiflure, baLinced reatflions

in, 8

occlusion of gases in, g
Steels, carbon, formatic-n of

troostiteat alow lemperatire
in, 240

Sieiger, G., and P. W. Clarke.
(See Clarke, F. W )

Steinheil, A., and K.Voit, 'Ap-
plied Optics " (review), 262

Stokes, A. W.,,analysis of saus-
ages, meat pastes, and army
rations, 168, 205

Slopes, M- C , four visible ingie-
dieuts in banded bituminous
coal, 7

Strachin.J., chemistry ot dendritic
growths ia paper, 236
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Straw, gas from, 41
Strontium, absorption Bpedtra

aod ionisation poteotuts.Si
Structure symbols, system of, 289
Strutt, R. J., scattering of light by

solid substances, 131
Stubbs, G. , and A More, approxi-

mate method of analysis of

siusages and meat paste, 16S

Sugar, cane, inversion by colloidal

sihcB, 59
Sugars, volumetric detrrminatian

of reducing, 140, 131

Sugar-csne, a^iun of ultra-violet

tays on, ir^

Sulphates, determination, 251
volumetric cstimiiion. 253

Sulphur, determination of the
molecular complexity of

liquid, 47
industiy, phosphorites and
superphosphates from the
point of view of, 73

vapour, constitution, 131
Sunspots, photographs of Zeeman

effcii^ in spedtra of, 285
SuperphosphatcB and phosphorites

from the point of view of the
sulphur industry, 73

Surface tension, mechanical philo-
sophy and, 270

Surfaces, area o', 260
Sulton, J.R.. Kimberley diamonds,

especially cleavage diamoode,
31.38.55. 04

Swarf, brass ingots from, analysis

153
Swarts, F , aftion of phenyl mag

neaium bromide upon the
polyhalogen derivatives ol

ethane, 264
bromfluoipropjlethyl ether and

fluorall>lethvt ether, 239
Swertland, E. J., award of the

John Scott Legacy Medal to,

II

Swinlon, A. A. C , science of the
future, 12, 25, 44. 52

E. D., origin uf the tank, 275
Sydei'ham, Lord, science and

abour unrest, 312

'p \KAGI, H., H Rupe, and A
* Akermaon. (Sit Rupe, H.)
Tank, origin of the, 275
Tanner. F W ,and Ruth S. Furk,

use of boric acid as a disin-
fc^anl, 263

Tartrates, temperature rotation
curves for, at low tempera-
tures, 2/7

Tebb, A. E,, M. Greenwood, and
C. Hodson. (See Greenwood,
M.)

Technical Inspe^ion Absociation,

215
Teeth of the guinei-pig, dental

changes produced by a scor-

butic diet, iiS

Tellurium, preparation of certain
organic salts of, 169

Sulphide, contribution to chemis-
try of, 212, 2J7

Tetanus, distiibution of the sero
logical l> p^s of B. tetani in

wounds ol men who received
prophylactic inoculation, 119

Thallium, extraifliou from pyritc^

tluc dust, 175
Thomliiison, J C, atoms, elec-

trons, and valency, 179
constitution of acetic acid, 23
emulsions and colloidal solu-

tions, 96
osmosis and emulsions, 215
osmotic pressure and prepared

foods, 215
wiliow calf Icatlier, 95

Thompson, S., memorial leflurc,

174
Thomson, G. H,, cause of

hierarchical order among the
correlation coefficients of a

number of variates taken in

Pans, 105
Sir J. J , appointment, 263

Tin-plate, car board reudered
waterproof as substitute for,

zoi

Tirelli. L., phosphorites and
superphosphates from the
pOiDt of view of the sulphur
industry, 73

Titanium compounds, preparation
and uses of, 177

Toronto, Canadian National Ex-
hibition at, 300

Torrance, D. M., and L. Fordyce.
[See Ford\ce, L.)

Tottingham, W. E.. changes in a
fermenting mixture of cow
and horse manure, 177

Trade catalogues for Palestine,

227
finance lor, 20

with Russia. 215
with the left bank of the Rhine,

231
Trees, apparatus used in the

measurement of the growth
of. 285

Trinitndcs, thermic decomposi-
tion of inorganic 178

Trmiirotoluene retidues and their

utilisation, 13

Troostite, formatio i at a low tem-
per^tura in carbon steels, 240

TsLiji, T., atflioo of ultra-violet

rays on sugar caue, pineapple,
and banana m Hawai, 11:^

TuUocb, distribution of the sero-
logical types of U. tetani in
wounds ol men who received
proph)laftic inoculation, 119

Tuning fork generator for sine-
wave alternating current!i,47

forks of low-frequency, compar-
ing and detern-.ining their

damping decr^im n;s, 47
Turner, W. S. S

, J. D Cauw >nd

and Constance Muirhcad. {See
Cauwood, J. D.)

and S. English. (See English,
S.)

NITED STATES and Great
Britain, an appreciation, 238U

WARNISH, black, for wood, 262

Vetflor diagrams of some oscilla-

tory circuits used with therm-
ionic tubes, 165

Verley, M., constitution of

geraniol, linalol, aod nerol,

191
Vibrating metals, experiments

demonstrating an eled^rica)

eflfeia in, yo
Vibration and strength ol struts

and continuous beams under
end thrusts, 94

j

Villavecchia, V., " Treatise 00
Applied Analytical Chemis-
try " (review), 59

Voit, E , and A. Steinheil. {See
Steinheil, A.)

\X7-ALL1S, T. E., Mexican in-

I

' * aefts in poultry food, 297
: Waste produd^s, 12

Water, colour ot, 197, 20S, 2J2,

233. 245, 254
in clouds, measurement of, 154
nitrates in, improved method

for estimation by means of

phenolsulphonic acid rea(5\ion

293
power in Eorope 2ji
softening, 14. 27
temperature coefficient of tensile
strength of, 165

Watsoh. D. M., coal conserva-
tion, 2^6

E. R., '* Colour in Relation to

Chemical Constitution " (ie>

view), 22

G. N . ^ransmi^Eioa of eleif^ric

waves round the earth, 106

Wave resistance, 70
Welding operations, eye protec-

tion m. 250
Wells, E. M., and S. S. Zilva.

(5«^ilva S. S.)
Wilson, C. T. R., stereoscopic

photogr.iphs of the tracks of
ionising particles through air,

286
E., instruments for measuring
minute suscepiibiiiics, 285

measurement of magnetic 'Us-
crptibiluics of low order. 82

ii N., method for determining
the composition of a mixture
ol similar salts of two metals.
Without separating the mix-
ture into its constiioents, 3

Wolfiam, 283
Women Worker?!, energy, expendi-

ture and food requirements of,

274
Wood, H, and P. E. Spielmaon.

(See Spielmann. F. E )

Wfoil. back varnish lor. 262
Woodhead, G. S., and V. Jones,

temperatore recorder ap -

paratus for clinical use, 286

X RAYS, examination of raa-
tcri&ls by, 236

yE AST. mineral, 286

Yorkshire, petrography nf the
millstone grit series of, 298

Young. J. F. T., and J. C.
McLennan. (See McLennan,
J C.)

W. H., area of surfaces, 260

^EEMAN effe(5t in the speiftra
^^ of sunspots, photographs of,

285
Zilva, S. S., and E. M. Wells,

dental changes in the teeth of

the guinea-pig produced by a
scorbutic diet, 116

Ztnc, emission and absorption in
the infra-red speiJtra ot, 81

oxide, lead in pharmaceutical,
309

Zircon minerals. two new, orviilite

and o1iveira:te. 125
Zirconia, its utilisation as a re-

fiaftory substance, an npacifier
and an abrasive, 115. 121

export from Brazil, 300
Zirconium, determination, 179
Zonal narmonics of high order in

terms of Bessel funflions, 189
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